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INTRODUCTION. 

A BRIEF HISTORICAL SURVEY. 

In his Letters on Natural Magic* Sir David 
Brewster, animadverting upon the apparatus 
contrived by Kempelin, and upon the more re¬ 
cent researches of M, Savart, relative to the 
mechanism of the human voice, ventured to ex¬ 

press an opinion that before the close of the last 
century a singing and talking machine would 
be numbered amongst the conquests of science. 
At the time of writing we have lived to see the 
realisation of Sir David's dream, and, indeed, 
to find its object a common acquisition to the 
homes of the people in every country within 
the pale of civilisation, to minister to the 

musical sense and provide culture and enter¬ 
tainment to almost every class of society* 

In Brewster's day, however, it was not so 
difficult for men of scientific insight to hazard 
so certain a prediction, because the large array 
of scientific knowledge already at hand only 
needed some sort of ordered classification and 
synthetic deduction to make such a proposition 
more than mere hypothetical conjecture. We 
are justified in believing that the talking 
machine, in some form or other, was already 
an accomplished fact long before* There is 
the oft-quoted statue of Mem non, one of the 
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twin colossi at Thebes, which is reputed by 
Strabo, Pliny the Elder, Tacitus, and other 

equally high authorities, to have given forth 

articulate utterance in resemblance of the 
human voice. This statue dates from the I8th 
Egyptian dynasty, and, therefore, can boast 
an antiquity of at least a thousand years before 
the Christian era, A great deal of speculation 
has engaged the minds of enquirers as to the 
manner of mechanism by which the articulate 
speech of the statue was occasioned, but the 
explanation has been left in a great deal of 
obscurity. The evidence seems to indicate the 
extreme probability that the vocal attribute 
possessed by this monument of architectural 

and sculptural grandeur was unknown alike to 
the classic artist who fashioned it and to the 
King whom it symbolized,* Perhaps the most 
extraordinary circumstance in connection with 

its history is that nothing appears to have been 
known of its ability to speak until the time of 
Strabo, when Egypt was in the hands of the 
Romans. The earliest inscription in cuniform 

upon its base bears evidence only of the date of 
Nero's time; and a fearful earthquake, occur- 
ring at Thebes. BX. 27, is supposed to have 
been intimately connected with the acquisition 
of the vocal faculty. The upper portion of the 
stone was shattered by the seismatical disturb¬ 
ance, and for centuries it remained a torso. It 
was credited with having emitted a musical 

*Amunhoph the third. See D. Roberts', R.A T“Holy Laml." 
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tone during this period at certain intervals; 
Dimidio magics resonabant Memnone chords. 

The restoration of the statue, in honour of its 
tradition, took place about A.D. 174, but 
thenceforth Memnon has been dumb. 

It is interesting to note that Sir Robert Hart, 
returning after many years' sojourn amongst 
the Chinese, informs us that their books deal 
with every conceivable subject, and that, nearly 
half a century before the first phonograph 
found its way to Pekin, the Governor, Kwang 
Tung, personally told him that an ancient book 
dating back 2,000 years before relates how, a 
thousand years before that time, a certain 
Chinese prince sent messages to a brother prince 
by speaking them into a curiously shaped box; 
and also, how the recipient, on opening it, 
heard with his own ears the actual words and 
voice of the sender. Have we moderns merely 
discovered a lost art ? 

I have been unable to find an authentic 
account of any talking apparatus in Europe 
dating earlier than the 13th century, the most 
notable being that of Roger Bacon. Vaucan- 
son's “duck, ” an a u tom a ton w h 1 ch “qua eked J> 

in a remarkably realistic fashion, was con¬ 
structed about the middle of the 16th century, 
and was said to have performed many other ex¬ 
traordinary mechanical feats, such as flapping 
its wings and “eating" morsels of food. The 
Imperial Academy of Sciences at St. Peters¬ 
burg offered a prize respecting the nature of 

vowel sounds, which brought into existence a 
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machine invented by Kratzenstein in 1/79* by 
the operation of which it was demonstrated 
that the vowel sounds could be properly pro¬ 

nounced by mechanical agencies when air was 
passed through a reed into cavities of various 

forms and sizes. This inventor was neverthe¬ 
less superseded by Kempelin, referred to by Sir 
David Brewster, who applied the principle of 
the reed to a single cavity, analogous to the 
oral cavity, and by a dexterous use of his hand 
was enabled to produce the various modifica- 
tions of form and size necessary to utter the 
vowels successively. He subsequently 
elaborated a contrivance which, by means of 

levers, tubes, and bellows, enabled a complete 
sentence to be distinctly articulated. 

Then came Faber’s celebrated “talking 
machine/’ in i860. This was an elaborate 
model whose vocal abilities were produced by 

means of air in tubes, flexible rubber lips and 
tongue, with an ingenious mechanism concealed 

in the trunk operated by a keyboard. The 
vowels and consonants were controlled with 
considerable accuracy, while a vibrating ivory 

reed was mounted in the throat to form the 
vocal chords. The size and shape of its oral 
cavity could be instantly modified by a lever 
device; a tiny windmill, turning also in the 
throat, was controlled to roll the r, while the 
rubber tongue and lips expressed the con¬ 
sonants. 

Experiments belonging to an altogether dif¬ 
ferent category were now being made in aeons- 
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tics and electricity. The automata referred to 

m the foregoing were contrivances designed to 

produce speech, whereas the newer school of 
experimentalists were content to devote them¬ 
selves to the far more profitable and interesting 

technique of sound reproduction, 
Chladni, the father of modern acoustics, was 

one of the earliest to formulate some definite 
conclusions concerning the phenomenon of 

sound. Professor Tyndall tells us that before 
Chladni’s time, Lichtenberg made an experi¬ 
ment of scattering an electrified powder over 
an electrified resin cake, the arrangement of the 
powder revealing the electric condition of the 

surface. This experiment suggested to 
Chladni the idea of rendering sonorous vibra¬ 

tions visible by means of sand strewn upon the 
surface of the vibrating body. So far back as 
the latter part of the 18th century he applied 
himself to the study of this subject, and by 
means of vibrating plates he discovered the 
principles of motion which govern sounds of 
the harmonious series, rendering visible their 
nodal signs. Other workers in this field fol¬ 
lowed along the same lines with much dili¬ 
gence; and, coming to later times, the really 
wonderful experiments of Mrs. Watts-Hughes, 
in the voluntary control of these motions to 
produce definite designs and pictures in mono¬ 
chrome by the voice alone are worthy of note, 
although somewhatforeign 10 the present subject. 

In 1856, M, Leon Scott evolved a contrivance 
which he called a u Phonautograph,” and which 
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was undoubtedly the prototype of the machine 
which Mr. Edison afterwards brought out in 
1878* The Phon autograph was, I think, the 
first practical attempt in recent times to record 
speech through the agency of a diaphragm. 
The details were somewhat different to those 
associated with the Edison contrivance, but in 
general design of construction and motion it 
was almost identical. The method employed 
by Scott was to support a roller, having an ex¬ 
tended spindle through its centre and forming 
its axis, upon two standards or supports, one 
extension of the spindle being furnished with a 
thread to engage with a corresponding female 
thread in one of the standards. A small 
handle attached to one end of the spindle 
enabled the drum to be revolved at any de¬ 
sired speed, the traverse movement to provide 

clearance being, of course, provided by the 
threaded spindle. The drum was covered with 
a sheet of paper, the surface of which was pre¬ 
pared with lamp-black; and at the perimeter of 
the same was placed a diaphragm of parch¬ 
ment held by a short piece of brass tube, upon 
one end of which it was stretched in the fashion 
of a drum-head, the other end of the tube being 
connected to a focussing chamber or barrel, 
made from plaster of Paris. Upon the centre 

of the flexible diaphragm was fixed with seal¬ 
ing wax a stubby hog's bristle; when the drum 

was revolved the bristle was in intimate con¬ 
tact with its carbonized surface, and removed 
the particles of lamp-black with which it came 
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in contact, leaving a distinct marking. It 
was found that when no sound was directed 
into the barrel or focussing chamber, and the 
drum was revolved at any speed, only a 
straight line was marked upon the paper; but 
when the drum was revolved at a given speed 
and sounds of various characters were concen¬ 
trated in the direction of the flexible 
diaphragm, the marking or line would assume a 
wave-like form, and that these peculiar sinuosi¬ 
ties varied in size and frequency as the sounds 
of speech differed in character. In fine, the 
waves varied with the pitch and intensity of the 
sound, but were invariably constant for the 

same sounds. 
The Phonautograph, to be sure, furnished 

no means whereby these registered sounds 
might be re-spoken, and therefore its value as a 
scientific instrument was limited, because, aT 
though it made possible the ocular demonstra¬ 
tion and definite analysis of peculiar sonorous 
vibrations, their synthesis, 01; ultimate solution, 

could never be correctly ascertained in the 
absence of means to make these vibrations 
manifest to the auditory sense. It belonged, 

ti ere fore, to the purely theoretical category. 
The study of vibrating diaphragms was be¬ 

ing carried forward about this time by Philip 
Reiss, of Friedrichsdorf, who invented the tele¬ 
phone. The audible reproduction of sound 
was demonstrated by the transmission of 

sonorous vibrations from one diaphragm to 
another through the medium of a wire and 
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agencies of the galvanic current and electro¬ 
magnets, Advances in the study of electricity 
brought additional developments in acoustics, 
and the telephone as improved by Gray, Bell, 
and others, was unquestionably the parent of 
the phonograph. In 1863 a patent was taken 
out by Mr, Fen by for an instrument which he 
called the Phonograph, providing for the elec- 
trical recording and reproducing of sound. 
Then followed Edison in 1878 with a machine 
which he described by the same name, but 

which was altogether different in conception and 
function, there has been some controversy as 
to whether Mr. Edison or M. Charles Cros was 
the originator of the phonograph. It is known 
that the latter deposited a description of a 
similar instrument with the French Academy 
of Sciences in April, 1S77, which was certainly 

prior to the earliest patent specification relating 
to this invention filed by Mr. Edison, But 
the matter has never been satisfactorily cleared 
up, nor is it likely to be. In many another 

branch of research we find similar coincidences, 
I here is really nothing remarkable in the fact 
that more than one investigator, thinking in 
the same mental groove, may come to coinci¬ 
dent conclusions. When we remember the ex¬ 
traordinary example furnished by the simul¬ 
taneous discoveries and conclusions by Darwin 
and Wallace in biology, as to the origin of 
species, which involved far greater mental effort 
and a comprehension of circumstances infinitely 
more complex than those connected with the 
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rationale of sound reproduction, we may well 
leave the double claim to priority as to the in¬ 
vention of the phonograph in a similar cate¬ 
gory, It is said that Mr. Edison discovered 
the principle of the phonograph by a mere 
accident, that whilst engaged in experiments 
with a machine intended to repeat Morse char¬ 
acters—recorded on paper by indentations 
which transferred their message to another cir¬ 
cuit automatically—he noticed a humming 
noise of a musically rythmic character follow 
the rapid movement of the impressed paper. 
It is somewhat difficult to connect the invention 
of the phonograph with data of that character, 
for there would be little resemblance to human 
speech in the rapid motion, under an engaging 
stylus, of ordinary Morse characters embossed. 
Besides, this fact was known long before, and 
Galileo produced musical sounds by passing 
a knife over the edge of a piastre, upon which 
Professor John Tyndall observed in his pub¬ 
lished lectures on <f Sound” that “the minute 
serration of the coin indicated the periodic 
character of the motion, which consisted of a 
succession of taps quick enough to produce 
sonorous continuity. ” Robert Hooke also 
demonstrated in 1681 the making of musical 

and other sounds by the help of teeth in brass 
wheels, which teeth were made of equal size for 
the production of musical, and of unequal size 
for vocal, sounds. Later, Savart and many 
others exhibited the same principle in various 
ways. 
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The Phonograph invented by Mr. Edison 

was in many respects similar in construction to 

the Phon autograph designed by M* L4on 
Scott. The method of securing the record was, 
of course, different. The roller or drum was 
spirally grooved and covered with tin-foil. A 
steel point was attached to the centre of the 
diaphragm, and the whole was adjusted so that 
when the drum was evenly revolved by means 
of the crank it moved also laterally through 
the instrumentality of a feed device similar to 

Scott's, and whose thread was identical with 
the spiral groove of the drum. When, there¬ 
fore, the drum was rotated and the stylus was 
brought into intimate contact with the foil, it 
was able to freely indent the same when im¬ 
pelled by the vibratory movements of the 
diaphragm to do so. The record, when made, 
thus became an inherent part of the machine, 
and consisted of a number of minute indenta¬ 
tions in the foil, following each other in the 
line of the spiral groove and varying in size, 
depth, and separating distance in accordance 
with the intensity and pitch of the sounds 
which were uttered. The same diaphragm 
which caused the sonorous vibrations to be ini 
pressed upon the foil, automatically repro¬ 

duced them when the stylus was made to 
traverse the same surface a second time, and by 
that means the vibratory motion given to the 
stylus by the indented foil, and conveyed 
thereby to the flexible diaphragm, re-converted 
them into the original sounds, or something 
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like the original sounds, which made them. I 
am inclined to regard the reproducing means 
of the Phonograph as being far more subtle 
than the recording means, depending, as 

it does, on a mere adverse vibratory thrust. 
It will be readily understood that a metallic 

recording surface such as tin-foil offered con¬ 
siderable resistance to the extremely delicate 
motions of the recording stylus; and the char¬ 
acter of the sounds emitted in the reproduction 
was comparatively feeble, bearing no natural 
resemblance to the power or tonal complexity 
of the original speech. A marked improve¬ 
ment was effected in this particular by the em¬ 
ployment of a conical amplifying tube, the 

smaller opening of which was attached to the 
orifice of the diaphragm box, and which gave 
increased strength and tone to reproductions 
with its aid. Nevertheless, they were at best 
but a mere caricature of the original, and it is 
small wonder that the Phonograph was re¬ 
garded for several years simply as a scientific 

novelty. i 
The subsequent invention and improvement 

of the “wax” blank by Bell and Painter, to¬ 
gether with the employment of a sapphire 
stylus, shaped as a gouge to cleave into the 
substance of the blank, enabled very superior 
results to be reached, and specially designed 
machines were at this time introduced for the 

reproduction of records so made. The Phono¬ 
graph was gradually passing into desuetude 

when these improvements were made, and the 
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public interest quickly revived* Manufactur¬ 
ing companies were formed to exploit the 
“talking” machine as a commercial com¬ 
modity, and to produce records of vocal and 
instrumental music for the million. This was 

the seed which generated the great boom in the 

eighties and nineties* The Phonograph had 

become democratized* 
At first, every record sold to the public was 

an original, or what is technically described as 

a “ masterbut means were soon found by 
which copies could be secured from the master, 
without appreciable injury. This was the 
period of the “duplicating” machine, now 
practically obsolete. This scheme had the 
effect of cheapening the cost of record produc¬ 
tion, and their prices were thereafter reduced to 

the public, by the inexorable law of competi¬ 
tion. The patent monopolies, to be sure, held 
competition in check to a very considerable ex¬ 
tent, but at the present time there are a few 
fundamental patents only which subsist, and 

competition may be said to be now in full 
swing. 

The duplicating method by tracing was 

superseded by the electrotype method of cover¬ 
ing the master with copper, and by that means 
of obtaining a metallic negative from which 
any number of moulded copies could be taken* 
The obvious advantages which this system pos¬ 
sessed over the older method were that all 
copies were alike in every material particular; 
and the employment of harder wax in the 
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moulding not only increased the durability of 
the record, but considerably augmented its 
tone. Although Mr. Edison did not originate 
the moulding system he soon brought it to a 

very high state of perfection, when in IQOO he 
applied the vacuous deposit system in elec¬ 
trolysis to the production of record negatives. 
By this process, far greater fidelity to the 
original could be assured, as well as securing 
an ideal surface smoothness, for the metal is 
deposited in this way without granular tex¬ 
ture* When, by this process, certain metals 

are employed, gold, perhaps, being preferable, 

they are reduced by a high tension current to a 
condition of metallic vapour and deposited 
upon the surface of the record as such* To the 
obvious advantages which the moulding of 
records brought about must not be overlooked 
the further reduction of their cost, which still 
further stimulated the public demand for them 

An important step in the development of 

other processes, or one which may be described 
as a divergence in processes, i was that follow¬ 
ing on the lines of Scott in the form of the 
sinuous track and made practical by Berliner 
in the manufacture of the disc type of machine 
and records. His method, originally, was to 

engrave, with a stylus attached to a 
diaphragm and subsidiary apparatus, a helical 

groove upon a disc of zinc which had been pre¬ 
viously coated with a thin film of viscous sub¬ 
stance, and by arranging the position of the 
diaphragm and stylus so that the vibrations 
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acting upon them might be transferred on either 

side, as it were, of the groove. When the 

record was completed it was represented as a 
wavy spiral track. The next step was to etch 

the record into the substance of the zinc by 
suitable acid, and when that was accomplished 
it could be reproduced with a diaphragm 

situated vertically, and having a lever support 

for the stylus. Alternately, the record made 
in zinc could be used for the purpose of pro¬ 
ducing a metallic negative by electro-deposi¬ 
tion, from which many copies might be pressed 
in material, such as shellac and its compounds, 

which becomes plastic by heat, yet is hard when 
cold. The early samples of this method were 
of the crudest possible description, but great 
strides have been made since then in the tech¬ 
nical improvement of the method, and it bids 
fair to supplant the cylinder system in popular 
favour, 

The process of producing “masters” by 
etching on zinc has long been superseded by 

the superior method of cutting into a "wax” 
blank by means of a sapphire stylus. The 

record, when completed, is metalized by means 
of very fine graphite, and is “ electrotyped ” in 
a sulphate of copper solution in the usual way, 
subject to special appliances and management 
of current to ensure a rapid as well as a tough 
and fine grain deposition. From the "master” 
matrix thus obtained, any number of 
secondary or working matrices are able to be 
got, and the most perfect means known to this 
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end is the “ lead ” process invented by Dr. 

Eugen Albert, of Munich. 
Since the introduction of the Berliner disc 

record, there have been other modifications in¬ 
troduced having relation to the form of record 
track and cut, which involved, of course, cor- 
responding modifications in the reproducing 

means. The most notable, possibly, of these 
variations is the " phono-cut disc,” which after 
a long series of experiments I practically 

worked out in the early nineties. Two British 
patent specifications of mine filed in 1903 refer 

to recording and reproducing means in con¬ 
nection with this type of disc. About a year 
later, Dr. Michael is introduced the 
"Neophone” to the public, which was the 
same system in all essential particulars, ex¬ 

cept that his records were pressed in stout 
strawboard discs coated with enamel modified 
with boracic acid, in respect of which materials 
for the record body he obtained a patent. 

Afterwards, Messrs Pathe, Fr&res, of Paris 
and London, adopted this method, pressing 
the records in the shellac composition; and 
other companies are now engaged in the manu¬ 
facture of this type of disc record, which offers 
several advantages of utility over the needle- 
cut form of track, such as greater durability 
on account of its ability to be reproduced by 
means of a ball sapphire, and the comparative 
ease with which the record thread may be 
increased, other things remaining the same, 
thereby enabling a subject of longer duration 
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to be recorded. In igo8 I filed a provisional 

specification only for a new form of track for 
the purpose of still further increasing the play¬ 
ing capacity of this type of record, the walls 

of which should assume two sides of an 
equilateral triangle in contradistinction to the 
conventional arc form. The application of this 

simple principle at once removes most of the 

mechanical difficulties associated with the 
earlier phono discs, and renders a far more 

perfect reproduction possible. 
The “endless band1' record* to which either 

of the aforementioned styles of track are 
applicable, is, so far, unknown to the public, 

although it has passed the experimental stage, 
and is quite a practicable proposition. There 
need be no limit put to the duration of records 

made on this principle. It is only necessary 

that the materials of which they are manu¬ 
factured shall be flexible, in order to readily 
pass over two mandrils; and celluloid or cellu¬ 
lose substances are specially suitable for the 
purpose. 

A number of other schemes have been 
elaborated which may be noticed. The manu¬ 
facture of cylinder records in celluloid is one of 
these* In the year 1893, Lioret, of Paris, con¬ 

structed mechanical dolls which contained a 
small phonograph and reproducing means* The 

record was pressed in celluloid from a steel pat¬ 
tern, and was cylindrical in form. The first 
patent to be applied for in England for press¬ 
ing celluloid cylinder records from a metallic 
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negative, electrotyped from an original “ wax n 
master, was by Mr. John Lewis-Young, in the 

early part of 1S94* This was the only prac¬ 

ticable method ; and notwithstanding that the 
electrotype for duplicating purposes was sug¬ 

gested by Mr. Edison some 16 years earlier, it 
is a matter for observation that the process did 
not come into use for the duplication of “ wax’* 
records until about the year IQOG* Two com¬ 
panies were afterwards formed to manufacture 
celluloid records under the patents of Petit and 
Lambert, but they were never technically or 

commercially successful, owing in a large 
measure to the harsh surface noises associated 
with their reproduction. In some other respects 

they possessed considerable advantages. 
A more revolutionary departure from the con¬ 

ventional processes was made by Poulsen, in 
the invention of the " Telegraphonewhich 
marked an entirely new development in the art 
of recording sound. By the agency of this 
wonderful instrument, variations of magnetism 
may be induced in a steel’ wire, ribbon, or disc, 
which correspond accurately with the vibrations 
of a diaphragm in a telephonic circuit. Records 
so made may be instantly erased, when desired, 
by de-magnetization. The operation of the in¬ 
strument is as simple and perfect as its con¬ 
ception was scientifically ingenious, but up to 
the present moment no thoroughly complemen¬ 
tary means have been devised to reproduce the 
recorded sounds, it being necessary to resort to 
the old-fashioned ear-tubes. The most fitting 
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use to which the Telegraphone can be put, in 
its present stage, is the automatic registration 

of telephonic messages. 
The recording of sound by the agency of 

light is still another notable accomplishment in 

this field of research, A considerable number 
of patents for various methods in sound photo¬ 

graphy have been granted, and special mention 
may be made to those of Morgan-Brown so far 
back as rS8o; of Mercadier in the following 
year; of Bell, Le Pontois, and Poliakoff 
in iS86, 1888, and igoo respectively. It was not 
until Cooke in igoi suggested the feasibility 

of stereotyping sonorous vibrations after being 
photographed, however, that means were 
thought of for their mechanical reproduction* 
Cervenka constructed an apparatus on similar 

lines later, and demonstrated the method. 1 he 
principle involved in most of these methods is 
to vary an otherwise constant beam of light 
passed through a condenser and reflecting upon 
a small mirror attached to a vibrating 
diaphragm, the reflected beam or “ light pencilJ" 
being directed to impinge upon a blank with a 
sensitized surface. The recording machine is 
constructed much upon the same lines as those 
of the ordinary disc recording machine, with 
the addition, of course, that it is also a modi¬ 
fied camera. 

The “ stereotype” method of producing 
record duplicates capable of being me¬ 
chanically reproduced has now been aban¬ 
doned. The most recent method is to record in 
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the form of a line of varying opacity, and to 

rotate or otherwise pass the record between a 
beam of focussed light falling on a selenium 

cell in circuit with a microphone, 1 he light 
waves are by this means translated into sound 
waves again. Messrs. Hulsmeyer, Thompson, 

Pletts, and others have contributed to the de¬ 
velopment of this method, which cannot, how¬ 

ever, be said to be yet perfect, 
A modification in the process of recording 

has been invented by Messrs. Holden and Han¬ 
sard, which consists in varying or cutting off 

the light beam by means of a hinged shutter 
actuated by the vibrations of a diaphragm 
Theoretically, the principle is analogous to that 
of the w Auxetophone,” a compressed-air relay 
reproducing device for the ordinary gramo¬ 
phone, invented, or rather improved, by the 
Hon. C, A, Parsons. In the one instance a 
beam of condensed light, and in the other, a 
stream of compressed air is employed as the 

medium. 1 
The great theoretical superiority of the photo¬ 

phone system lies in the absence of any sensible 
resisting obstacle between the recording 
diaphragm and the blank; the diaphragm is,, 

consequently, free to vibrate in response to the 
most delicate sonorous impulses, and must 
necessarily record sounds in a more perfect 

manner. Add to this that the records may be 
made of paper, and that they would be sub¬ 
ject to a comparatively insignificant amount of 
wear by ordinary usage—since the system no, 
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longer involves any frictional contact of the 
record with the reproducing means—and it is 
not at all extravagant to suggest that when the 
system is perfected it must entirely revolu¬ 

tionize the gramophone industry. Such a sys 
tem would no longer require any expensive and 
elaborate machinery, involving many distinct 
arts, for the production of records; but the 

amateur would be able to make them for him 

self at home, and reproduce them almost imme¬ 
diately; or, alternatively, to make as many 
duplicates as he might choose in the ordinary 
manner of printing photographic positives from 
the original or negative plate, at a trifling cost. 

The subtlety of the subject of sound repro¬ 

duction and the possibilities of the wonderful 
age of invention in which we live compel the 

careful student to be cautious in predicting 
what particular form the final " talking 
machine will take* or even of entertaining any 

belief that finality will ever be attained in any 
one form known at the present time. That im¬ 
provements in many directions will be wrought 
in all existing forms there is no reason to doubt. 

The uses to which the art of sound reproduction 
may be applied are so diverse and various that 
it may well be regarded as one of the essential 

acquisitions of civilisation. In the teaching 
of languages and the study of elocution, the 
preservation of folk-lore, and as an aid to 
correct instruction in the training of songsters 

it possesses features of the highest educational 

value. And in furnishing entertainment of 

INTRODUCTION. 25 

every conceivable variety calculated to appeal 
to the auditory sense it is unique; and in the 
words of Mr, Edison, “ by bringing within the 

reach of everyone accurate reproductions of the 
best music, it exerts, almost unconsciously, an 
elevating moral influence,” 



CHAPTER I. 

THE PRODUCTION OF RECORD BLANKS. 

A preliminary necessity in the making of 
talking machine records is the production of 
suitable blanks and the preparation of their sur¬ 
faces. Probably no part of the record-making 
process has given rise to so much difficulty and 
annoyance as that of the blank-making depart¬ 
ment. A great deal of defective recording has 
been due to bad blanks, not to speak of a num¬ 
ber of other bad qualities in records which un¬ 
suitable blanks have engendered. 

In some cases the material has been too soft 
or too hard, too brittle or too greasy, and in 
others it has not been homogeneous, and has 
presented variations of density at the surface. 
Other troubles have arisen from its solubility 
in the acid bath, to which the record, when 
made, has to be transferred for the purpose of 
obtaining a metallic negative therefrom for 
duplicating purposes. From this cause a par¬ 
tial dissolution of the surface is occasioned, 
which is conveyed to the negative as roughness, 
and which, in turn, is passed on to the moulded 
positive record. The effect of this defect is at 

once manifested in the reproduction of the re¬ 
cord as unpleasant foreign noises which are no 
inherent part of the record itself, and which 
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tend to mar any merit which it might otherwise 

possess. 
Endless chemical experiments have been per¬ 

formed by those competent in such matters ere 
satisfactory compositions were reached, and 

even at the present time the art of making these 
wax-like compounds is a closely-guarded 

secret by a comparatively few chemists. 
Now, in order to answer to the requirements 

of the recording and electrolytic processes, the 
material of which the blank shall be composed 
must possess certain well-defined qualities. It 

must be quite homogeneous and cohesive, and 
yet be capable of being cut with the recording 
stylus in a perfectly clean manner, without 

clogging. The shavings from the cleavage 
must partake of such a character that they 
clear the stylus as rapidly as they are made 

thereby. The weak force of the sonorous vibra¬ 
tions which actuate the stylus from the record¬ 

ing diaphragm necessitate that the density of 
the material shall be commensurate with the 
means; and while not being too hard or too 
resisting, it shall nevertheless be stable enough 
to withstand handling and to retain its form 
and general intrinsic qualities through all 
ordinary changes of atmosphere and tempera¬ 
ture. 

It was found that most of the essential 
qualities sought for resided in certain animal, 
vegetable, and mineral waxes in some degree 
or other, but when these dissimilar products 
were mechanically amalgamated by heat, it was 
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found that they were quite useless for all the 

purposes in view. Their ascertained melting 
points were altogether inconsistent, and in the 
mass, they lacked the all-important essential 

of homogemty. 
It was next conceived to be possible to pro¬ 

duce an insoluble soap which would ensure a 
chemical rather than a mechanical mixture of 
animal or vegetable and mineral waxes, such 

as a soap made by saponifying any fatty acid 
by means of an earthy alkali, and in which 
such metals as lead or aluminium might be in¬ 
corporated. the admixture of tempering waxes, 
such as cere sine, paraffin, or other mineral 
equivalents, might be conveniently made after 

the process of saponification were effected. 
The results were certainly successful. By 

continued improvements in the methods of 
combining the elements, the metal-soap blank 
found favour with the professional recorders, 
and some of the best work has been done with 
this medium: in fact, until comparatively 
recent times, no substitute has been sought, 
and for general excellence of work no 
substitute is necessary. Various formulae are 
employed, of course, such compounds admit¬ 
ting of much diversity in proportions and such 
like, some manufacturers preferring one method 
and some another. But the essential composi¬ 
tion is always the same. Preference is given, 
for example, by some makers to lead, and by 
others to aluminium, as the metallic element in 
the soap. The American Graphophone Co., 
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by their patent taken out in 189S, claim to have 

originated the method of incorporating 
aluminium into the compound, either as metal 
or in the form at hydrate of alumina, and set 
forth some grounds for dispensing with lead 
or its compounds. But Mr. Watts did this long 
before, and it wras well known to chemists that 
the amalgamation of aluminium wutb certain 
of the waxes gave them a very brilliant appear¬ 
ance. 1 am concerned more, however, to voice 
my objection to aluminium altogether as the 
metal ingredient of the record blank, and to 
examine the objections raised to the introduc¬ 
tion of lead-oxide. 

“ Several practical difficulties," to quote the 
specification of the patent just referred to, 
M have been encountered in endeavouring to 
make tablets or blanks composed wholly, or in 
part, of soap. Ihe chief difficulty has been 
that the surfaces of such tablets or blanks 
become coated, after a greater, or less, length 
of time, with a bluish film having the appear¬ 
ance of mould, and which has been termed 

1 efflorescence.’ Ill is is due to the presence in 
the material of hygroscopic compounds which, 
on being attacked by moisture, w'ork out to and 
spread upon the surface. . . „ Lead, in any 
form, as w^ell as most of the salts of other 

metals which might be otherwise suitable for 
the purpose in view, give rise to the hygro¬ 
scopic compounds. This is particularly true of 
stearates and acetates of lead. 

tr Another difficulty that arises is the forma- 
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tion of crystalline, or crysta111zable, compounds 
in the operation of making soap. The object 
of introducing a metal (or metallic salt) is to 
prevent all tendency to crystallization, it being 
of the first importance to secure a composition 
which shall be and under all conditions re¬ 
mains perfectly amorphous, and which pre¬ 
sents equal resistance to cutting in every direc¬ 
tion. All ordinary commercial soaps have this 
tendency to crystallization in some degree, it 
not being possible to introduce sufficient 
sodium, or soda salt, to prevent all crystalliza¬ 

tion” 
Two formulae are given in the specification, 

both of which are said to have given satisfac¬ 

tory results. 
FORMULA A. ]1JS 

Stearic acid (free from oleic acid and ^ 

glycerine) .....—... . — 

Aluminic hydrate .■*■■■.. 7 
Caustic soda lye ..-*** $5 

To this is added, for the purpose of temper¬ 
ing, paraffin, ozokerite, or similar materials, 

72 lbs. 
The method of manufacture may be given, 

which I have worked out experimentally. The 
caustic soda is mixed with water until a lye 
of 37.50 (Baume hydrometer) is obtained, and 
this is heated to its boiling point, about 242 
deg. F. The aluminic hydrate is added and is 
rapidly assimilated in the lye. I he stearic 
acid is melted and raised to a similar tempera- 
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ture when the lye is added thereto, in small 
quantities at a time and slowly. It will 
readily unite, but if too great a quantity be 
added at a time, or the temperature is exces¬ 
sive, violent ebullition will take place and 
cause the material to overrun the vessel in 
which it is heated, the danger of fire always 
requiring the observance of caution. When 
the saponification is completed, the remaining 
water in the mixture must be slowly evaporated, 
and this is best done by raising the tempera¬ 
ture considerably, which, however, must never 
exceed 350 deg, F. in order that the compo¬ 
sition shall not be charred. And under no 

circumstances whatever must the temperature 
of the mass reach, say, 500 deg. F., or it will 
flash by spontaneous combustion. When the 
water is quite expelled, which will be obvious 
by the absence of bubbles or steam and the 
reduction of the mass to an oleaginous con¬ 
dition, the tempering elements may be added, 
when the composition will be ready to strain 
and mould in the required shape. 

FORMULA E. lbs. 

Stearic acid ..    300 

Powdered aluminium  . 1,5 

Caustic soda lye (37.5 B.) ..   9 
Sal. soda dissolved in 12 gals, water...... 60 
Ceresine ..     60 

In this formula the sal. soda lye and caustic 
soda lye may be united before the aluminium 
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,s idded or the latter may be added to the 
caustic soda, and the two liquids then united. 
Instead of powdered aluminium, ordinary in 

, may be used with results almost identic 
Record blanks made in accordance with 

gutted mfthe vaK'these 
lost bv the fact that the exposure to the air o 
blanks so composed induces the precipitation of 

“J alVmmium by the soda to tar aurfacee 
wWch subsequently^tenders^them^extremel^t 

S, of"the”above formulae in the hope of neu¬ 

tralizing this objectionable tendency, bu 

ly*d ^aSnate of°so"da prepaid from 

S Seated with soda to a 
furnace, far better results were obtained 

by following the specified formul*\ . . h 
I append my own formula from which thes_ 

results were reached . - Parts 
. 28 

S. stearine .   3 
Caustic soda —.. t 
Aluminate of soda .   I2 

Water .-.. g 
Bleached ceresine . 

The stearine is melted in the usual way, the 

caustic and aluminate sodas are boiled in the 
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water, and the lye is added slowly until the 
saponification is effected. I lie ceresine is 

heated separately and put in the soap after¬ 
wards. The aluminium, in being modified in 
this way, is more ductile, so to speak, or emol¬ 
lient, but nevertheless for the general purposes 
of the record blank I consider the lead soaps to 

be far preferab 1 e. 
The objection urged by the American 

Graphophone Co, against the use of lead soaps 
for blanks is not well founded. The fact that 
the earlier lead soaps were improperly made* 
and that they were commonly associated with 
surface bloom or “ efflorescence,” or with 
crystallizable compounds in their substance* 
had nothing to do with the employment of 
lead. The first-named defect was due entirely 
to the presence of water in the compound which 
had not been sufficiently evaporated in the pro¬ 
cess, and which very naturally sweated out 
upon the surface. To have remedied this it 
would have been only necessary to allow the 
mass to simmer for a more extended time. The 
second-named defect was due to an excessive 
temperature in the saponification, by which the 
water of the lye was separated from the soda 
and driven off before it had completed its work 
of attacking the stearic acid. The “ crystallize 
able compounds” consisted of nothing more 
than conglomerations of free soda* and the ad¬ 
dition of water to the mixture with a further 
simmering would be sufficient to get rid of the 
trouble. 
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Another formula for blanks which is worthy 
of notice and consideration is one patented in 
igoi by the National Phonograph Co., of the 

United States* The composition consists of an 
alkaline soap of higher fatty acids of the acetic 

series, such as a stereate or palm it ate, or both, of 

an alkali, as soda; a lead soap of higher fatty 
acids of the acetic series, as, for example, a 
stereate or pa!nutate, or both, of lead; oleate of 
lead, a resinous substance, such as colophony, 
gum copal or gum kauri, and preferably a 

hydrocarbon, such as paraffin, ozokerite, or 
.ceresine. 

FORMULA : 

Stereate and pal nutate of soda, containing 
about 6.9 parts of sodium oxide (Na 2 O) = 

g6 parts. 
Stereate and pal mi t ate of lead, containing 

about 21 parts of lead oxide (Pb O) = 73 

parts* 
Oleate of lead, containing about 2.5 parts lead 

oxide = 9 parts. 
Colophony = 10 parts. 

Ceresine = 2 parts. 

It is claimed that the above proportions by 
weight produce a composition which is abso¬ 

lutely non-crystalline in character, hard, per¬ 
fectly smooth, and more or less transparent* The 
proportions named may, of course, be varied, 
and the ceresine may be omitted if a harder 
composition is required, or the oleate of lead 

may be reduced. 
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One of the most satisfactory compositions, 
however, which I have used, which has the merit 

of being cheap and comparatively easy to pre¬ 

pare, and which I worked out in a number of 

classified experiments and put to the various 
requisite tests, is embodied in 
formula. 

the following 

FORMULA : 

S* stearine . 56 parts* 

Caustic soda (g8% pure)..* 3i 
Dissolved in water, about 15 11 
Red lead .*. 3 

Paraffin wax *♦. 16 >j 

Japan wax .. 2 j» 

The stearine is melted in an enamelled 

vessel for preference* The caustic soda is dis¬ 
solved in the water, after which the saponifica¬ 

tion is proceeded with. The precaution as to 
adding the lye slowly must be remembered, 
and when every trace of water lias been slowly 

evaporated on the completion of the saponifica¬ 
tion, the lead, which is in the form of powder, 

may be thoroughly mixed with a small quan¬ 
tity of the molten soap in order to facilitate its 

absorption by the mass. It can then be very 
slowly added to the mass by means of a small 

ladle, when its chemical absorption will be 
gradually apparent by the mass changing 

colour from a bright red to that of a light 

limpid gamboge. As this takes place, a further 
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addition of the red lead mixture can be made 
to the mass, until the whole is properly incor¬ 
porated. As soon as this process is completed, 
the addition of the paraffin and Japan waxes 
may be made, and when thoroughly amalga¬ 
mated the composition is ready for straining 

and moulding. . , 
Almost any fine bronze gauze, or fabric such 

as swansdown, is suitable for straining. 
latter is fuier than the finest mesh in meta 
gauze obtainable, but requires to be frequently 
renewed. Of the metal gauzes, bronze is woven 
finer than copper, while the latter is somewhat 
cheaper and more easy to procure, A doub e 
layer of copper gauze is better than a single 
layer. Care and cleanliness at this stage become 

extremely important, as the smallest particle of 

dust or other foreign substance may prove a 
source of incalculable mischief in the subse¬ 

quent treatment of shaving the blank surface 

and in the recording. 
I may here remark that the above formula is 

specially applicable for blanks of the cylinder 
type, and for those of the disc type requiring 

to be recorded by the cylinder method. Blanks 
for the recording of the Berliner or needle 
type of record, which involves a practically 
constant depth of track with lateral or sinuous 
wave markings in contradistinction to the pre¬ 

viously-mentioned type involving a variable 

depth of track corresponding to the wave 
motions, require a somewhat softer medium, 
and the proportions of the tempering waxes 
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should be accordingly increased, unless means 

arc taken prior to recording to warm them, by a 

special apparatus to be described hereafter 
The latest composition to be introduced to 

the trade by German chemists consists of 
ozokerite and paraffin waxes in about the pro¬ 
portions of two to one respectively. This is 
very homogeneous, both belonging to the same 

series of mineral waxes, the former presenting a 
brilliant surface in cutting, while the latter is 

used only as a tempering medium. No compo¬ 
sition could be more satisfactory for the record¬ 
ing of “ needle ” discs, nor for the subsequent 
treatment in the electrolytic bath for the pro¬ 

duction of metallic negatives, and the only 
serious drawback in connection with it is the 

difficulty of shaving its recording surface ex¬ 
peditiously on account of its brittle character, 
and its consequent disposition to fracture if the 
shaving sapphire be depressed into its sub¬ 
stance to the ordinary depth usual with the soap 
blanks. The immense advantage of this com¬ 
position resides in tire fact that all the care and 
difficulty attendant upon saponification is dis¬ 
pensed with, as not only is it impossible to 
saponify the mineral waxes, but it is unneces¬ 
sary to do so. By a process unknown in this 
country, blanks moulded in this composition are 

specially treated with regard to their recording 

surfaces, and are polished by frictional means, 
which effect a more beautiful surface than has 
been as yet possible to obtain with the conven¬ 
tional shaving blade. It is practically impos- 
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sible to record upon these blanks, however, un¬ 

less they are artificially heated throughout to a 

temperature about 80 degrees Fak, when they 
behave perfectly under the influence of the re¬ 
cording stylus. 

4 
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CHAPTER II, 

THE MOULDING OF BLANKS. 

In the moulding and shaping of blanks for 

cylinder records a good number of appliances 

are required. First, there is the mould itself * 

Fig. l. 

which is usually constructed of brass, in two 

parts—the outer mould and the core. The best 
type of mould for all practical purposes is that 
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illustrated in Fig. i. In this form, the base is 
one with the core, and the former has a boss at 
its periphery, upon which the bottom end of tne 
outer cylinder fits tightly, but is detachable. On 

the upper end of the cylinder is a cup extension 

to hold a small surplus of molten 11 wax, which 
must be allowed for on account of the con¬ 
tractile property of stearinc on cooling. I he 
handle is attached to the top of the core for 
the purpose of lifting the mould in and out of 
the molten material in the vat, and is 
lengthened so that the heat is not readily con- 
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veyed to the hand. The core, which is a stout 

length of tube turned taperwise upon its ex¬ 
terior, has, in one form, a coarse thread cut into 

its surface, for the object of withdrawing it 
easily from the blank when set by sufficient 
cooling. The base has a hole in its centre as 

large as the inside of the core tube, which 

allows a current of air to pass through and 
facilitate the cooling, and to permit of the ex¬ 

traction of the core before the blank is re¬ 
moved from the outer cylinder, which can only 
be done when a certain degree of contraction in 

Fig. 3. 

the mass has taken place. Fig. 2 represents the 

parts of the mould separated. 
Second, there is the reamer, a tool having 

several steel blades, and which when the sub¬ 
stantial contraction of the material has ceased, 
after being released in the solid form from 
the cylindrical mould, is passed through the 

blank and given a few turns to cut away such 

amount of the raised wax spiral as may be 
necessary to enable the blank to snugly fit 

the standard tapered mandril of the recording 
and reproducing machines. It need scarcely 
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be remarked that the aforementioned steel 

blades should be carefully adjusted so as to 
present the precise taper of the mandril, (See 

Fig- 3-) 
Third, the trimming and shaping machine is 

called into requisition. This is virtually the 
body or upper portion of a cylinder reproduc¬ 
ing machine analogous in design and operation 

to that of the Edison " Triumph ” type, the 
pulley of the mandril shaft being connected 
by a belt or cord to any convenient source of 
motion. The mandril is required to be some¬ 
what shorter than the average, so that the two 
ends of the blank may overlap its extremities 
at both ends. The ends of the blank may, on 
that account, be more conveniently cut true by 
any ordinary steel dividing tool to its required 

length, and turned clean to right angles, or 
bevelled as desired. It must be remembered 

that the recording blank should be at least 

half-an-inch longer than the record from which 
moulded duplicates are required, to provide 
sufficient length for making true the ends of 
the matrix, or metallic negative, after the treat¬ 
ment of the record, when made, in the deposit¬ 

ing bath. 
The blank is now assumed to be ready for 

shaping, which consists of a preliminary shav¬ 
ing of its surface to nearly its required 
diameter, and this is done by a transverse steel 
blade capable of every adjustment, being 
rigidly affixed in its bearings to the carrier arm, 

and being actuated in its traverse motion by 
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the feed screw of the machine* 1 his prelimin¬ 
ary shaving should be carried out before the 

moulded blank is quite cold, otherwise it will 
not be possible to take approximately deep 
cuts, in order to save much time, without frac¬ 

turing the surface of the blank, and thereby 
making the recording of it difficult if not im¬ 
possible. The final shaving by the sapphire 
blade may be left for a lower temperature* 
Indeed, if a brilliantly polished surface is 
required it is quite necessary that the blank 
shall present a temperature not exceeding 

75 Fah. 
The principal point to attend in the mould¬ 

ing of blanks is the heating of the moulds on 

a hot plate or other device before dipping 
them into the hot blank material, or otherwise 
filling them. If this precaution is overlooked, 

the resultant blanks, when cold, will be found 
to contain air-holes which will render their 
shaving and recording out of the question. The 
moulds should always be as hot, approximately, 
as the molten material which is to fill them, if 
the defect referred to is to be avoided. It will 
amount to the same thing, to be sure, if the 
moulds arc put into the molten material without 
being previously heated, provided they are per¬ 
mitted to remain therein for a sufficient length 
of time to allow the air bubbles, induced by 
the antagonistic temperatures, to be driven off 
before the moulds are removed from the mass. 
This is a bad practice, however, and little is 

saved. 



u the reproduction of sound. 

We will next consider the composition, 
moulding and shaping of disc record blanks. 
It can scarcely be questioned, I think, that the 
metallic soaps so long in use have been super¬ 
seded on the score of efficiency and general 
good service. But the tendency for cheapness 
has brought into the market a comparatively 
new compound for master disc records, which 
certainly has the merit of being an excellent 
medium for the depositing bath, since it under¬ 
goes no material change through the immer¬ 
sion. It is a compound of commercial brown 
ozokerite tempered with paraffin and Japan 
waxes. It presents a very brilliant polish in 
the shaving and recording cuts by reason of its 
close texture. But the substance is more 
difficult to handle than the metallic soaps, and 
there are greater risks in its employment. II 
shaved or recorded at too high a temperature, 
the material clogs and becomes “ spongy 11; on 
the other hand, if similarly treated at too low 
a temperature it fractures at the least provoca¬ 
tion. This can be corrected to some extent by 
a larger addition of the tempering waxes, but 
too large a proportion of these will increase 
the porosity of the substance and destroy the 
chances of an ideal surface polish. It becomes 
a matter of urgent importance, therefore, that 
an artificial heating oven is employed in con¬ 
nection with this species of blank material, and 
this should be capable of the utmost manage¬ 
ment with respect to internal temperature. The 
usual means employed for the purpose is a sort 
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of cupboard made of wood, thin metal, or as^ 
bestos lined, and provided with lattice shelves 
to carry the blanks to be warmed. It has been 
found that electric radiators furnish the best 
source of heat, on account of their simplicity 
of regulation, otherwise steamheated pipes 
would serve admirably. Gas-jets would be 
equally simple, of course, to manipulate, but 
the combustion of the hydrogen of coal gas m 
oxygen or atmospheric air gives rise to vapour 
and induces “ sweating ” on the part of the 
blanks, causing their surfaces to he roughened 
as they dry off. In this, as in most other 
things, the slower is the surer method. 

The inestimable advantage of the mineral 
wax over the metallic soap blanks lies in their 
easy and rapid production; the troublesome 
process of saponification being eliminated. 1 he 
waxes are simply melted and mixed together, 
when the compound is ready for moulding. I 
have found that a very serviceable material in 
the construction of disc blank moulds is 
aluminium, spun to shape, and internally 
buffed and polished. They should be at least 
one-sixteenth of an inch in gauge, and for the 
standard IQ-inch record they should have a 
diameter of n inches, to allow for shrinkage 
in the blank, and the necessity of trimming the 
matrix to dead true size in the lathe after the 
record has been electro typed. The flange of 
the mould should be at right angles to the 
plane, as the shrinkage of the blank, on cooling, 
is ample for the purpose of removal from the 
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mould. The flange should extend to at least 

2 inches in height 
Blanks in the diameter referred to are usually 

cast i} inches thick, which, when trued up and 
shaved for recording, are reduced to something 

like an inch, a necessity to safeguard against 
warping. As a ready conductor of heat 

aluminium is an excellent medium, and when 
the considerable quantity of molten wax con¬ 
tained within moulds made from this material 
is required to be cooled off as soon as possible, 
they give off the heat with greater freedom, 

in other words, in a shorter time. Moulds spun 
similarly from sheet brass may, of course, be 
used, but they are more expensive to make and 

less easy to handle. 
So soon as the disc blank is ready to leave 

the mould being yet warm but set, it may 
be transferred to the shaping machine, or what 
amounts to the same thing, attached to the 
face-plate of a gap-bed lathe, and there planed 
both sides. This is done by means of a steel 
cutter attached to the shde-rest moving from 
the periphery to the centre in line with the 

axis. If the first side to be planed is to form 
the bottom of the finished blank, it will be 
necessary to plane the reverse side, as well as 
true the edge, before proceeding to bore the 
usual centre hole, the conventional size of which 
is five-sixteenths of an inch, otherwise it will 
not be truly at right angles with the face, which 
is of great importance in the recording. Some 
makers prefer that the centre hole of the blank, 
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which enables the recording turntable to hold 
the blank securely in position, should be bored 

completely through the blank. Others prefer 
to bore half way through from the bottom side 

and to use a short turntable pin, which is by 
iar the preferable plan, as will be seen at a 

later stage, do facilitate the cooling of the 
blanks prior to their final shaving with the 

sapphire blade, they should not be placed in a 
draught of cold air, but simply be subjected to 

a general or regular lower temperature, as they 
may contract unevenly and split. It is im¬ 

portant to note that disc blanks, when once 
made, especially if they are not permanently 
set, should be placed to set upon perfectly level 
surfaces, as they are apt to warp by their own 

dead weight I have made it a practice to use 
small squares of plate-glass for this purpose, 
and also, subsequently, in the heating chamber, 
preparatory to recording, to ensure their plane 

surfaces being maintained throughout Plate 
glass is generally dead-level, its surface being 
machine-ground after casting. 
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CHAPTER HI 

THE SHAVING OF BLANKS. 

The machine already referred to for the 
shaping and trimming of cylinder recor s, 
viz., that constructed upon the models of tie 
well-known Edison “Triumph 
phonograph, is not to be surpassed, I think, tor 
the purpose of finally shaving the cylindrical 
blank preparatory to recording (see big- 4> 
It must not be supposed, however, that 
spring motors with which these phonograph 

Fig. 4. 

models are ordinarily equipped for reproduc¬ 
ing purposes, are at all suitable for the work 
of blank shaving, at least in a commercial or 
professional way. The body of the machine 
should be connected, by way of the mandril 
pulley, to a small electric motor, the power 
being supplied from an accumulator, or, as 
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the case may be, from an electric circuit. The 
latter, of course, is not only the cheaper, but 
the less troublesome way. A motor of 4-volt 
capacity is ample for the purpose, and the 
consumption of current is comparatively in¬ 
significant. I he most brilliant surfaces are 
only attained by revolving the mandril at 
high speed, and 500 revolutions per minute 
may be considered as below an excessive speed 
for this part of the work. There must also 
be a surplus of energy in the motor capacity 
to prevent slowing down on resistance, for 
the essence of a good shaving consists in a 
regular as well as a high velocity. 

The machine for shaving must be very per¬ 
fectly adjusted, and there must be no shake 
whatever about the bearings. It must be firmly 
fixed upon a solid bench or other foundation to 
avoid vibration. The ordinary “ Triumph rf or 
“ Home ” carrier-arm is next to useless for the 
purpose of carrying the shaving-blade setting, 
and a special, rather hekvily-weigh ted, and 
rigid arm must be provided upon which a 
sleeved block should be fixed (being capable of 
universal adjustment) and through which 
should pass a straight stem carrying upon its 
lower extremity the cutting blade. For the 
purpose of regulating the depth of cut into the 
blank surface, this stem should be provided 
with an adjustable movement for lowering or 
raising the blade, as required. (See Figure 5.) 

The cutting edge of the blade itself should 
assume a straight line, being bevelled for clear^ 
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ance, A sapphire shaving-blade is usually 
ground into sizes, \ inch square, i-i6 of an inch 
thick. It is set in a “holder,” or small piece 
of brass, recessed, being joined by means of 

T ut. 5. 

shellac. This is then screwed upon or other¬ 
wise attached to the stem before referred to. 

It has been found to be advantageous, for 
the ultimate process of moulding records, to 
shave the blanks slightly taperwise, in order 
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that tile moulded duplicate records may be 
more easily and rapidly extricated from the 
matrix moulds. This is best effected by having 
a separate slide bar to the shaving machine 
upon which the frontal part of the carriage 
travels laterally, and slightly drooping the 
lower end. 

The back slide rod need not be interfered 
with, as there will be ample tension in 
the feed-nut spring to compensate for the slight 
divergence from the parallel in the two slide 
surfaces. 

The most important point of all in the shav¬ 
ing of a cylinder blank is the disposition of 
the shaving blade to its surface. It should be 
so positioned that neither end of the straight 
cutting edge is ever in contact, and this may 
be done by adjusting the edge diagonally. For 
brilliant polishing, it should also be set to 
incline above rather than towards the axial 
line of the blank, and to do this effectively, the 
blade must be acutely bevelled for adequate 
clearance. By adopting these methods it will 
be found that the shavings will not clog, and 
that the actual shaving is performed by the 
central segment of the blade, which leaves less 
of a ridge than if either corner of the blade 
should come into contact. If, by a chance or 
careless adjustment, the corner of the blade is 
depressed to any sensible depth in the blank 
surface it will give rise to a continuous series of 
minute fractures, occasioned by chipping rather 
than by a clean cutting of the wax, which will 
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make a smooth and noiseless surface impossible. 
Under all circumstances the front travelling 
edge of the blade should clear the blank* and 
the actual cutting should be done by the cen¬ 
tral, or rear section. If the blade, being 
straight-edged, as advised, is set level and per¬ 
fectly parallel with the blank surface longi¬ 
tudinally, it will be next to impossible to get a 
clean and smooth surface, as the disposition of 
the shavings to jamb in these circumstances is 
exceedingly great. 

It must be understood that no good shaving 
can be accomplished at all unless the cutting 
edge of the sapphire is faultlessly ground and 
polished. The edge of the best razor is blunt 
compared with what is requisite in the sap¬ 
phire. It is only with some difficulty, more¬ 
over, that manufacturers are able to obtain 
what is required in this regard, as so much 
depends upon the selection of stone and so 
much upon the technical skill of the lapidary 
who fashions it into form. Shaving sapphires 
cost from three to five shillings each, and even 
then, the retention of their fine edge is of 
limited duration on account of the excessive 
friction to which they are subjected by the 
high rotating speed of the blank. 

It is preferable to make several fine cuts in 
the blank rather than a fewer number of deep 
ones. It will prove to be the wiser economy. 
If the surface is fractured ever so little by too 
deep a cut, it will take many more cuts to 
remedy the defect. In addition, it may prove 
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to be necessary to cut below the regular or 
standard diameter to remove the fractures at 
all, in which case the blank will prove to be 
utterly useless on that account. 

It has been found to be almost impossible to 
shave a cylinder blank effectively without leav¬ 
ing a trace of the shaving blade as a distinct 
track or spiral. It has therefore been found to 
be the best practice in shaving to adopt a feed 
movement in the shaving machine identical 
with that of the recording machine upon which 
the finished blank is to be recorded. It will be 
appreciated that the recording stylus will have 
a natural tendency to engage in the shaving 
track so formed, and if the record track cut by 
the recording stylus runs uniformly therewith, 
it will make no difference. But if the two 
tracks are in the least separated the one will 
present an obstruction to the other, and be 
responsible for bad appearances in the record 
surface as well as bad effects in the recording. 

After the shaving is completed satisfactorily, 
and while the blank is still rotating on the 
machine with the blade released, a tuft of fine 
cotton wool may be passed along its surface 
to clear any slight vestige of shaving that may 
adhere or remain upon the surface. On no 
account should the least pressure be exerted, or 
the fine surface obtained by the shaving will be 
immediately destroyed. 

The shaving of disc blanks is a far more 
difficult operation than the shaving of cylin¬ 
ders, and requires more care. The principal 
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reason for this lies in the fact that the con¬ 
struction of the shaving machine adapted U r. 
wax discs must embrace something more than 
the ordinary mechanical principles which are 
called into requisition to perform work of a simi¬ 
lar character in relation to materials other than 
wax and similar substances. A perfectly smooth 
surface in wax is in finitely more troublesome 
to obtain than in substances of greater density 
The mechanical difficulty lies with the motion 
of the turntable, which is required to be heavy 
and absolutely rigid, and yet which must 
rotate with the greatest facility. The spindle 
of the table must be also heavy enough to ade¬ 
quately support the table and blank without 
spring and yet, if it be too heavy—requiring a 
bearing of equal proportions-—much friction 
will be produced in the running which will 
make first-class shaving impossible at any con¬ 
siderable speed. As to the best velocity for 
securing good results, there is no determined 
rule, as variations in the wax compound make 
it necessary to suit the speed to the material; 
but, generally speaking, nothing like so high 
a velocity is necessary in the shaving of disc 
as in cylinder blanks. I have been able to get 
pretty highly surfaced blanks when the 
machine has been working at, approximately, 
ioo revolutions to the minute, but this has 
generally been the case with waxes only mode¬ 
rately tempered. 

There are several types of shaving machine 
in use, the variations of which consist, mainly. 
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in the subordinate details of construction. Fun¬ 
damentally, there are cnly two types, one 
having the turntable in the horizontal position 
and the <: ther in the perpendicular. A great 
deal of objection has been urged by technical 
people to the horizontal table, and the machine 
with the vertical tabic finds the greatest favour 
with practical operators. It has been found 
that when a blank is shaved upon the horizon¬ 
tal table, the shavings have a tendency to get 
under the sapphire blade, since they remain 
upon the blank, unless blown off, during the 
entire operation, and in the case of their doing 
so they clog and bruise the polished surface 
after it has been obtained. I have found that 
this difficulty arises only in certain conditions, 
viz., when the blanks are tco soft and when 
the speed of rotation is too low. And to avoid 
this difficulty with the best blanks, it is neces¬ 
sary to adjust the cutting blade at a tangent to 
the line of the feed device. The shavings will 
then clear at once. Rut The far more serious 
drawback of the horizontal table is the dyna¬ 
mical effect which the required velocity of 
motion in the table has upon gravity. No 
matter how snugly the turntable-spindle is ad¬ 
justed, the table is urged to sway when the 
speed is applied to it, and however slight this 
incidental movement may be, it is quite suffi¬ 
cient to prevent a perfectly plain surface from 
being secured. For this reason the vertical 
table is much to be preferred, as in that form 
neither of the evils already referred to are 
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likely to arise. In principle, the vertical disc 
shaving machine is identical with the head of 
an engineer's lathe with a special face plate, 
and with a transverse feed device to hold the 
cutter. Fig. 6 illustrates a practical shaving 
machine of this type. 

It will be seen that in this model, the feed 
device and block, carrying an adjustable blade, 
is one with an arm which swings open, when 

iTlG. 6, 
necessary, for the purpose of attaching the 
blank to the face prior to shaving, and for the 
removal of the same when completed. The feed 
is operated through pulleys and cord, as geared 
wheels are quite out of the question on account 
of the back-lash, the effects of which are 
plainly registered in the shaving. The main 
motion communicated to the table should 
always be direct from the countershaft, and 
in this form it is effected very simply. The 
dead weight of the table and blank is sup- 
ported by bearings in which there is a minimum 
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of friction. There can be no tendency on the 
part of the table to rise, on the application of 
motion. The action is therefore more steady. 
The shavings from the blank clear themselves 
automatically by the effect of gravity. 

In setting up the shaving machine, it should 
be heavily made and accurately fitted, no shake 
whatever appearing in the bearings at any 
point. It should be firmly bolted down on a 
concrete bed and be removed from all sources 
of extrinsic vibration. Whether tne driving 
power be steam or electricity is of small 
moment, but the latter is preferable, and is 
more commonly employed. As electric motors 
generally run at high speed, it will be necessary 
to use a countershaft, not only for stopping and 
starting at will, but for reduction of speed to 
the turntable. 

I have found that the best form of cutting 
edge to the sapphire for shaving cleanly is a 
slight curve on the advance side of a straight 
line. It should be so set in its metal shank that 
it can be adjusted easily, land when presented 
to the blank surface its curved edge should 
clear and the cutting be performed by the hind 
or straight edge. 

The blade should not, as before remarked, 
be set parallel lengthwise to the feed slide, 
but set diagonally at an angle of about 
45 degrees against the cut. The shaving 
will then be more clean and smooth. The 
same precautions against cutting too deeply 
apply equally to the disc as to the cylinder 
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The blank must be held firmly to the tabie by 
adequate clamps. Only one side of the blank, 

of course, will be required to be faced or shaved 
for the purpose of recorcling. Hie reverse side 
only needs to be level, so as to lay evenly upon 
the table of the recording machine, and that 
part of the operation was done, as the reader 
will remember, in the preliminary process of 
shaping. 

When the blank is shaved with as high a 
polish as possible it is ready for the recording 
room, but it is advisable to lay it aside in a 
place protected from dust and other sources of 
possible injury for some days in order to 
"season,” in other words, to effect its molecular 
settlement. Some operators prefer to " season” 
the blank after the shaping process, and shave 
its surface subsequently. This is undoubtedly 
the better plan with the metallic soap blanks, 
but with the newer wax blanks the need is not 
so urgent. Until this settling process has 
taken place, however, the greatest care must be 
taken to place the blanks on perfectly flat 
surfaces to prevent sagging or warping. It is 

quite possible to record a blank if it is slightly 
concave or even warped, but if the record is to 
be carried through the process, as it is termed, 
that is to say, matrixed and pressed, then 
unheard-of troubles will ensue. The matrix 
will copy the defects referred to, and if the 
matrix is not dead true when it i* put into the 
dies of the press a not very creditable piece of 
workmanship will he the grand result. 
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CHAPTER IV. 

THE MAKING OF RECORDS. 

The first necessity in the making of records 

is the provision of a suitable room having flrst- 

class a., oustical properties. An ideal room for 
the purpose is one that is fairly lofty, say, ten 

or twelve feet from floor to ceiling, about the 

same width, and, perhaps, eighteen to twenty 

feet in length. Such a room would be none 
too large to secure good vocal results, and yet 

would be large enough to accommodate an 
orchestra or concert band containing such a 

number of performers as can be practically 
utilised to advantage. The room should be as 

bare of furniture as possible, and if the ceiling 
is domed or arched so much the better. The 

walls should be painted or lined with wood, 
well varnished, to aid sonorous reflection; and, 

in a room of such dimensions, it is preferable 
that neither hangings nor drapery shall be in 

evidence, as such absorbent materials will very 
considerably detract from the other advan¬ 

tages which such a room might possess. Need¬ 
less to add, the room should be situated in a 
quiet locality, out of reach of disturbing 
noises, and away from heavy traffic, likely to set 

up subsidiary vibration. It should be well 

ventilated and be well warmed when the work 
is proceeding, and it has been ascertained by 
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experience that a temperature of 70 or So de¬ 

grees Fahrenheit is a satisfactory one in which 
to obtain the best results, other things being 

equal. The effect of heat upon sonorous con¬ 
ductivity is greater than is generally sup¬ 

posed, but if the atmosphere of the hot room 

is charged unduly with carbonic acid gas, 
arising from want of adequate ventilation, the 
effects will be lacking in brilliance in the re- 
cording. 

Another important feature is the wiring of 
the recording room, this consisting of a series 

of fine steel wire-lengths stretched tightly 
across the room from side to side—that is to 
say, at right angles with the length of the 
recording horn, and arranged about twelve 

inches apart, being fixed, by means of stout 

screw eyes on one side of the room and fur¬ 

nished with adjustable sleeve fittings on the 
other, to facilitate the stretching of the wires 
up to their highest tension point. The height 

at which these wires must be fixed will be 
governed largely by convenience, as long as 
they are above the performers1 heads, and yet 

are not too near the ceiling or roof. It is usual 
to arrange them some nine or ten feet from the 
floor level, and then they can be utilised for 

an additional purpose when it is necessary to 
record an instrumental combination, since, on 
account of the performers being required to 
vary their positions and heights very con si dorr 
ably, it would be extremely difficult to provide 

them, or many of them, with the ordinary floor- 
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stands to carry their sheet music. 'The practice 

is to use inverted music stands ” to hang trorn 

these wires, which arc sufficiently numerous to 
allow of them being hung in any desirable 

position. It will be understood, of course, that 

these music-hangers will more or less detract 
from the main purpose of their existence, which 
is to augment or reinforce the volume of sound 
entering the recording horn, but in the case of 

a fairly strong instrumental body, this arti¬ 

ficial aid to sonorous intensity by sympathetic 

vibration can well be dispensed with, or at least 
reduced. 

In his excellent treatise on " Acoustics in re¬ 
lation to Architecture and Building,” Mr. T. 
Roger Smith refers to the employment of 
auxiliary resonating means in chambers de¬ 
signed for auditory purposes by the adoption 
of wooden linings, which, theoretically, com¬ 
mends itself for approval, and in practice has 

seemed to afford great advantages where it has 
been introduced. He remarks upon the Con¬ 

servatoire at Paris, the Ancient Theatre at 
Parma, the lecture theatre at the Royal Insti¬ 

tution, and other places, all of which are con¬ 
spicuous for their excellent effect upon sound. 
It is, indeed, a common custom in Italy to fix 

the orchestra of theatres over a species of hol¬ 
low or trench, an arrangement which I have 

introduced into one of the London recording 
rooms recently, probably the first of its kind. 
The idea seemed to me to be a good one; and 
although it was carried out in a more or less 
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experimental manner, the effect in recording 

turned out to be remarkable; m iact, other con¬ 

siderations had immediately to be taken into 
account and reckoned with. Recording 

diaphragms which were ordinarily correct 
under the old conditions were super-sensitive 

under these, and smaller recording horns were 

necessary also to employ, while all the remain¬ 

ing conditions were the same. 
The best results in recording are obtained 

invariably when the weather is dry and bright. 
A humid atmosphere is greatly detrimental. 

Records made during fine weather always turn 

out better than when made in dull, wet, or 
foggy weather. They appear more sharp and 

brilliant. The cause of this, undoubtedly, is 
the effect of sultry conditions upon acoustic 
velocity. Most records are generally hat and 
dull by comparison, when made in such condi¬ 

tions, and the expert will be well advised to 

select his weather as far as he is able. 
The furniture of the recording room is of a 

limited character. There should be no carpet 
upon the floor; in fact, the more bare the room 

the better. One of the requisites of a recording 
room is a pianoforte, an upright grand pre¬ 
ferably, which should be raised some three feet 
from the floor by means of a strong wooden 

bench, designed to accommodate a seat for 

the pianist. The usual gauze cover at the back 

of the instrument should be removed, as the 
best pianoforte effects are secured from the 

back, and when the mouth of the recording 

THE MAKING OF RECORDS. G3 

horn is approximately directed towards that 
part of the sounding board which is level with 

the keyboard in the front. It is also advisable 
to incline the recording horn somewhat in the 
direction of the upper register, as those octaves 
not only record much more easily, but the angle 
oi the horn also tends to screen off the heavy, 

ponderous notes of the bass, which are gener¬ 
ally productive of much clang. For the latter 
reason, further, it is not very customary to use 

the sustaining pedal, but to play staccato as 
much as possible; and the pianist must exer¬ 

cise his natural ingenuity in securing as good 

effects in light and shade as he is able, without 
recourse to the pedal. The secret lies in the 
" touch.” 

The difficulty in recording the pianoforte, 
satisfactorily, has led to its abandonment by 

most of the record manufacturers in favour of 
the orchestral accompaniment. All the 

stringed instruments are more or less weak in 
the capacity to actuate, the recording 
diaphragms, and undoubtedly the small or¬ 
chestral combinations give far greater body, 
as well as a better artistic effect, to vocal in¬ 

terpretations. It was hoped that the grand 
piano might be utilised to better advantage in 
accompaniment than the upright, but the hope 
was altogether groundless, and the latter is 
conceded to be the better of the two for the 
purpose. 

A great deal of the trouble connected with 
the recording of the pianoforte has been due 
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to a bad selection of instrument. Yet it by no 
means follows that high-class and expensive 

instruments are better adapted to the work 
than the more simple in construction and 
moderate in price. The tone should be strong, 
and the hammers should be left comparatively 

hard, for recording work* I know of no better 

instruments for the recording room than those 

manufactured by Messrs. Rogers & Son, of 

Berners Street, W., under the technical super¬ 
vision of Dr. Vincent, one ol the best authori¬ 
ties on pianoforte construction. Although the 

pianoforte is now seldom used for the purpose 
of accompaniment in recording, it is still quite 
a necessity in the recording room for testing 

purposes, as all first tests of fitness on the 

part of vocalists are made with its aid. 
Reverting to the comparative difficulty of 

recording stringed instruments, I may remark 
that the violin, in orchestral combinations, 

fails to figure very prominently in the record, 
and a recording room may be considered in¬ 

complete if amongst its accessories are not to 
be found one or more “Stroh violins. Ibis 
type of instrument is fitted with a diaphragm 
and small amplifying horn, which augments 

the natural intensity of the violin in a remark¬ 

able manner. Fig. 7 shows the manner of its 

construction. , 
One each of first and second violins and 

viola are all that are likely to be required for 
any combination, and by the aid of one of 

these the -pizzicato effects can be obtained m the 
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record in any desired strength. Their cost is 

about £10 each. 
Most record manufacturers also possess, as 

part of the establishment equipment, chime 
tubes, hung upon wooden framework, for pur¬ 

poses of church bell effects. These are metal 

tubes, suspended from the frame, their lengths 
and diameters being varied to accord, on being 

struck, with the notes of the musical scale. 
They are made of various metals, as bronze, 
bell metal, or steel, and their cost varies from 
;£ 1G to ^50 for the set. 

The next important part of the recording 
room furniture is a series of benches, of vary¬ 
ing heights, to accommodate the bandsmen for 

the better localisation of their respective in¬ 
struments. The approximate proportions of 
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these will be given presently when describing 

the relative positions which the instrumentalists 
should assume when in the act of making a 
record. 

The most important part of the equipment 
is, ot course, the recording machine. It is 

necessary that this should be facile princefs. 

It should be accurately adjusted and its driv¬ 

ing mechanism should be perfectly regular and 
silent. For this reason the small electric motor 

was almost exclusively used at one time, but 

for other reasons it has now been all but gener¬ 
ally discarded, Tor the standard cylinder re¬ 

cords, perhaps no machine obtainable in the 
market is better qualified for good work in 
recording than the Edison type of reproducing 

machine known as the “ Triumph/1 with the 
clock or spring motor. The Edison Co, em¬ 

ploy this machine, I am informed, for the pro¬ 

duction of their master records. The electric 
motor was found to possess too many draw¬ 

backs in actual use to be reliable. The least 
dirt or grease in contact with the commutator 
or automatic governor brushes was sufficient to 
produce defective governing, and it is a sine 
qua non of recording that the machine shall 

govern with the greatest perfection. The 

accumulator, also, which was the source of cur¬ 
rent for the motor, would as often as not fall 

short of its requirements by reason of internal 
defects, which were not easy to discover with¬ 
out taking it to pieces. It is small wonder, 

therefore, that the spring motor (generally very 
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icliable) has entirely superseded the electric 

motor for actuating cylinder recording 
machines. 

The " Triumph 11 body, as has already been 
pointed out, is supplied with a mandril shaft, 

supported between two centres, which is at the 
same time one with the feed thread for the 
lateral movement of the carriage, or carrier 

arm, to which the recording tool is attached. 

The spindle or shaft upon which the mandril 

is mounted is extended on one side of the man¬ 
dril and the thread is cut upon it Instead of 
the usual reproducing thread, a slightly 

coarser thread is necessary for recording 

masters which are required to be duplicated by 
moulding for the market. It is a necessity 
that the composition of which the moulded re¬ 
cord is made shall sensibly contract on cooling, 

m order to release the record from the negative 
matrix, and this circumstance requires that 
the recording thread shall be slightly coarser, 
some two threads less in the hundred to the 
inch. A great deal depends, of course, upon 
the particular compound or substance of the 

moulding material. Some compositions shrink 
less than others, and especially those of the 
mineral wax series, which are now so much 

used lor cheapness' sake, and for these perhaps 
one thread to the inch in the hundred will be 
a sufficient reduction. 

These calculations are again subject to the 
paiticular method adopted for the duplication 
nf masters. ’ In practice, it is always neces- 
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sary to obtain more than one master of an in¬ 
dividual or particular record, as the process 

of moulding from a single matrix would be far 
too slow to meet an ordinary demand for a 

record which happened to be popular. Some 
manufacturers record each subject upon 

several blanks, and make matrices from them 

as required. Others make the one master re¬ 
cord and procure copies therefrom by the old 

method of mechanical duplication. But both 
of these methods are very unsatisfactory, since 

no two working masters are likely to be iden¬ 
tical, and the most recent, as well as most per¬ 

fect, scheme is that known in the trade as the 

11 mother-matrix *' process. 
This process ensures all duplicates being 

exactly alike, and, consequently, far greater 

care and expense may be incurred in the pro¬ 
duction of the original. It is worked out in 
the following manner. Let us assume that the 

record when ready for sale is provided with 
a spiral track showing too lines to the inch, 
which was the standard thread before the 

'■ Amberol ” or 200-thread record came into 
prominence. It matters little what the thread 

may be, as the same relation will hold equally 
good. The original master is recorded by 

means of a feed thread having q6 lines to the 
inch. This is thereupon electrotyped—that is, 
a metallic negative is grown upon it, and this 

is called the master matrix, A small number 
of casts in wax are made from this, and then 

the effect of the wax shrinkage gives q8 
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threads to the inch. These are similarly elec¬ 

trotyped, and become the working matrices; 

and the further shrinkage of the wax moulded 

in them results in the gain of two more threads 

to the inch, which is equal to the standard re¬ 

producing thread of JOG. 
The great advantage of this method lies in 

the fact that if, by accident or wear and tear, 
the working matrix gets destroyed, the original, 

or master matrix Is still intact, being carefully 
stored away after the casting of the duplicate 

wax masters until it shall be required to simi¬ 
larly produce more. The master matrix is 

never used for any other purpose, and so, with 

reasonable care, there need be no limit put to 
the number of records which can be obtained 
from the original. 1 he high fees paid to 
great artistes, and the difficulty of securing 
artistic results, as well as the desire to preserve 
the best specimens of the recorder’s art, are all- 
sufficient reasons to commend the process in 

the interests of economy. 
The only technical objection to be urged 

against its obvious advantages is that there are 
two metallic depositions involved, which must 
result in some loss of tone and detail. But the 
high pitch to which electrotyping has been 
brought in recent times reduces the value of this 
ob j ecti on considerably; and rn oreo ver, by 
adopting the depositing method in the vacuum 
jar, as applied by Mr. Edison, the objection is 

practically removed altogether. 
The construction of the £C Triumph ” body is, 
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in many respects, well adapted for recording1 
purposes. Almost any kind or type of carrier 

arm can be substituted with the greatest sim¬ 
plicity for that with which it is ordinarily 
furnished for reproducing purposes, if other 
types of recording apparatus are desired to be 
used. The arm may be easily detached by re¬ 

leasing a set screw which clamps it to the slid¬ 
ing sleeve with the feed nut and spring 
attached. Most professional recorders prefer 

Fig. S, 

the trailing type of recorder (see Fig. 8), and 
this, when the *£ shellis made of ebonite or 
vulcanite, will produce a far better tone than 
when all metal is employed, 

Jt should be pointed out that the recording 
machine, before it is really ready for use, 
should be mounted upon a very solid table or 
bench, in order to avoid, as much as possible, 
any extraneous vibration in the room, A stout 
slab of marble or slate interposed between the 
bench and the machine will prove of assistance 
in preventing the loss of sound by absorption, 
after passing through the recording horn, inas¬ 
much as the recording of sound by present 
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methods depends, to a large extent, on the 
molecular vibration of media employed in the 

process, as well as on the purely mechanical 
motion of the recording stylus. It is also pre¬ 

ferable that the recording machine should be 
situated so that a solid partition or wall inter¬ 

venes between it and the performers whose 
records are to be made, allowing only the horn, 
or part of it, to protrude through ; and a small 
curtain is usually employed to stop up any 

superfluous opening, which latter must be large 
enough to permit of the side movement of the 

recording horn during the lateral movement of 
the recording device. The principal object of 
such a provision is to prevent the under-side of 
the diaphragm from being affected bv the vibra¬ 
tions in the room, which are required to actuate 
the upper or inner side exclusively; whereas, if 
they are left free to communicate motion in all 
directions, without check, they are apt to neu¬ 
tralise the normal efficiency of any diaphragm 
very greatly; and in heavy band work it has 
been shown that the absence of some such pro¬ 
vision either in this form or in some other, has 
had an injurious effect upon what otherwise 
might have been good work. 

Let us next consider the making up of the 
recording tool itself. We will deal, in the first 

instance, with the recording of cylinders. It 
was customary for manipulators to equip repro¬ 
ducing machines with accessory recording 
apparatus in the earlier days of the business, so 
that those having the inclination might profit- 
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ably spend their spare time in making amateur 
records at home. This was an excellent idea, 
which has done not a little to stimulate addi¬ 
tional interest in the talking machine on the 
part of the general public. But recording 

apparatus sent out for amateur use were de¬ 
signed with that object alone in view. By mere 
chance, it occasionally happened that one of 

these recorders turned out to be equal in all 
respects for particular or individual voices to 
what the professional recorder would require in 
order to produce a record capable of satisfy¬ 
ing the more exacting requirements of the 
market. In professional work, however, not 
one, but a considerable variety of diaphragms 

and recorders are requisite to suit different 
classes of work. For the higher registers, for 
instance, a much stouter diaphragm is needed 

than for the lower. The rapidity of vibratory 
frequency associated with a treble scale necessi¬ 
tates a rapid recovery of the diaphragm with 
each vibratory beat, and the stiffer the dia¬ 
phragm the more rapid will be its recovery 
movement. It will be understood, therefore, 
that a diaphragm which is admirably suited 
for a piccolo solo or a soprano voice, will be 
altogether useless for much else, except, per¬ 
haps, a pianoforte solo. In a diameter of 33 
millimetres (the standard Edison size) a dia¬ 
phragm as stout as eight-thousandths of an inch 
is often required for such work, while a bari¬ 

tone, or even some tenor voices, may he per¬ 

fectly accommodated by a diaphragm of half 
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that substance. Much depends again upon the 
manner 111 which the violinist or musician sings 

or plays in intelligent rapport with the dia¬ 
phragm before him, and by a little practice it 

is comparatively easy to become instinctively 
acquainted with the limitations of a particular 
diaphragm, and by skilful handling to mani¬ 

pulate it for the production of first-class effects. 
The control of the voice, indeed, in the 

making of records is the real secret of making 

good ones. The more the voice is kept under 
control, the greater may be the sensibility of 
the diaphragm employed, and, as a conse¬ 
quence, the greater will be the perfection 
reached in natural timbre. It is altogether a 
mistake to suppose that it is necessary for the 
singer or speaker to shout in order to obtain 
great volume. Strength of tone in the record 
acquired by such means is never pure, as the 
common result of too robust an expression is to 
shatter the diaphragm by oyer-vibration, which 

is productive of little else than discordant noise. 
The keener the edge of the recording stylus, 

the greater will be the need for the foregoing 
precaution, on account of its disposition to cut 
more deeply. The part that a really first-class 
stylus plays in record-making is most impor¬ 
tant, and no good work can be accomplished 
without its aid. I shall never forget the revela¬ 
tion it was to me in the old days, when I hap¬ 
pened to have the good luck to secure some 
specimens of recording points made by Jones, 
who manufactured the early recording sap- 
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phires for the Edison laboratory. I had been 
plodding on for a good time with experimental 
recording, using the best of the ordinary com¬ 
mercial sapphires supplied for the purpose, with 
results, from the professional point of view, 

which were not brilliant. But the substitution 
of the Jones sapphires at once supplied the miss¬ 

ing link. 1 found them incomparable for 
cylinder recording of the concert size {5 inches 
in diameter blanks), and their secret lay, firstly, 
in their exquisite workmanship, and, secondly, 
but equally important, in their cutting edges 
being ground at the correct angle. 

The microscopic keenness of edge, compared 
to which, as it has been said, the finest razor 
blade is as a saw, which is required to cut the 

metal soap blank both cleanly and evenly, re¬ 

quires that the very finest specimens of the 
stone shall be employed, and which are mostly 

free from flaws. Probably the Montana stones 
are the best for this purpose. Australia has not 

yet furnished the higher grades of stone suit¬ 
able for this work. India has yielded a large 
number of excellent stones, some of which are 
almost indistinguishable from the ruby; and 
they have commanded good prices in recent 
years, owing, perhaps, to the circumstance that 
American buyers have formed close rings to 
obtain practically their monopoly. The Indian 

sapphire is in many respects well suited for 
blank-shaving blades, being easily ground and 
re-ground with the black diamond. 

1 he operation of cutting, grinding and 
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polishing a sapphire recording stylus is con¬ 

sidered high art, as certain definite angles have 

to be preserved, and too acute an angle will 

give rise to "kicking” in the cleaving of the 
track of the record. The Bettini type of cylin¬ 
der recording stylus is the most difficult of all 

to make satisfactorily, the cup-end assuming a 

bell-like flange. The object of this provision 

Fig. 9. Fig. 10. 

is to secure a more perfect definition of the 
minor sounds, especially thdse of the sibilant 
order, on blanks of small diameter, viz., the 
standard size, as well as a greater breadth of 
tone in a shallow track. The cut by the Bettini 
stylus exhibits an altogether different appear¬ 
ance to that belonging to the older records 
made through the medium of the straight 
cupped stylus. The comparison is at once seen 
in Figs. 9 and JQ, being enlarged facsimiles of 
fragments of record surfaces made by the two 
types of styli. Fig. g shows the old style; Fig 
10 the Bettini type of cut 
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As I have already stated, very excellent re¬ 
sults in recording may be got by almost any of 

the recorders commonly sold, if they are accu¬ 
rately set up and carefully adapted for special 

i equircments, with selected diaphragms and 
first-class sapphires* If the type of recorder 

known as the gravity type is preferred (and ex¬ 

perience has given its support to this prefer¬ 
ence), it is almost indispensable to employ in 

Fig. 11. 

connection with it a perfectly sound-tight joint 
for the best results. The leading manufac¬ 

turers employ for this purpose what is techni¬ 
cally called a trunnion, which is constructed 
with great accuracy so as to work with the ut¬ 
most freedom and yet, if it he blown through, 
no escape of air shall be possible between its 
movable parts. I he only movement which such 

a device is required to have is simply a vertical, 
or up-and-down one, for no other purpose than 
to enable the recorder to automatically rise and 

4 
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fall with any eccentricities in the revolving 
blank, commonly called " wobbling**' The 
absence of such a provision hi the recorder car¬ 

riage would, in the event of such contingency, 
result in the fracture of the recording 

diaphragm by undue pressure at one part. The 
form of construction of the trunnion is illus¬ 
trated m Fig. ii, and it may be connected to the 

carriage saddle or carrier arm of the machine in 
any convenient way The movable portion, to 
which the recorder socket is to be connected, is 

delicately balanced between two fine steel cen¬ 
tres, while the two surfaces, that of the barrel 
(which is solid except for the cross-section chan¬ 

nel) an cl the adjacent casement, are ground 
finally with diamond paste to ensure the most 
perfect fitment. 

It cannot be doubted that records made by 
the aid of this attachment arc far more pure in 
tone and intense in volume than those made 
with ordinary connecting sockets, which are 
generally anything but sound-tight. It is true 
that a leaky connection will have a tendency to 
prevent u blast/* and 1 have known some re¬ 

corders to resort to the practice of perforating 
the smaller extremity of the recording horn to 

overcome this difficulty, which has been aptly 
described as the bugbear of recording. But m 
these circumstances the tone, as well as the 
volume, of the record invariably suffer in a cor¬ 

responding degree, and it is infinitely better to 
correct <f blast n notes by other measures* 

It is here convenient to describe what " blast ” 
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means, how it is occasioned, and what is best to 
be clone to avoid it, I am confining my obser¬ 

vations at present to the cylinder type of 

record, be it remembered. When a note is sung 
into the recording horn, the force or impact of 
which is greater than the capacity of the 

diaphragm to respond to it within the true 
acoustical limit, the diaphragm flutters, and in 
its natural attempt to recover from the undue 
strain put upon it, it jumps, by sheer reflex 

activity, the surface of the blank, and conse¬ 
quently breaks what should be a perfectly con¬ 

tinuous track. When the reproducing stylus, in 
reproducing the record, comes in contact with 
this portion of the record, it produces a harsh 

and foreign noise in addition to the note, which 
is anything but pleasant to hear. Not only is 

the note more or less imperfectly reproduced, 
but, in addition, the sound occasioned by the 

concussion of the sapphire against the abrupt 

edges of the separated undulations—which are 
represented on the record as a series of holes in¬ 

stead of connected undulations in a constant 
groove or track—-is simultaneously brought out. 
Fig. 12 represents a portion of a record in which 
this defect is throughout conspicuous. 

It will naturally occur to the average person 

that the employment of less strength in the 
emission of the truculent note in question would 
at once correct the difficulty, which is, to a great 
extent, true. But one can never be certain just 
how much or how little strength is wanted to 

preserve the normal balance between the in¬ 
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tensity of the sound and the capacity of the 
diaphragm. It is always desirable to get as 
much volume as possible, and this can only be 

got by comparatively thin, that is to say, sensi¬ 
tive, diaphragms, and it so happens that these 

are naturally more disposed to cause the trouble 
referred to than those of greater substance. The 

use of stout diaphragms will make all ff blast 
impossible, but records made with these, on the 

Fru. L2. 

other hand, are invariably thin in tone and lack¬ 
ing in strength. 

It is common practice, as a matter of fact, to 
select the most sensitive diaphragms that can be 

safely used without giving rise to “blast;1 for 
all work. If it is found that the selected 
diaphragm turns out, on test, to be in every way 

satisfactory for the particular voice or instru¬ 
ment, except that one or two notes have the 

blasty JJ tendency, then it is usual to employ it, 

but an admonition is conveyed to the artist 
either to draw back a short distance from the 
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mouth of the recording horn during the utter¬ 

ance of the robust notes, in order to check their 
intensity when reaching the diaphragm (this de¬ 

creasing with the square of the distance), or to 
hold the notes under greater control, which 

amounts to the same thing, as far as the 

mechanical effect is concerned. These dodges 
are generally effective, but the approximately 

correct distance to recede from the horn mouth 

must be gauged by trial, for if the singer re¬ 
move himself too far, the note (perhaps a dis¬ 

play top-note) will be exceptionally " thin and 
weak—altogether out of balance with the rest. 

There is another matter to consider also. It 

may happen that though the vigour of the note 
lie restrained very considerably, 'blast” may 

arise notwithstanding, and be due to the 
molecular reinforcement of the recording horn. 

I have known certain notes only to cause con¬ 
siderable molecular disturbance in the materia! 

of the horn itself, and when a note sympathetic 
with the fundamental note of the horn is passed 
through, it is thus augmented, and this is 
equivalent to what in other circumstances would 

be too great an intensity in the utterance of the 
note It is customary to insulate, or, more cor¬ 
rectly speaking, to damp, recording horns to 

obviate these drawbacks as far as possible, and 
for that purpose nothing is better than the or¬ 
dinary electrical insulating tape. It is com¬ 
paratively inexpensive, and may be procured 

from any dealer in electrical accessories. It is 

a sort of cotton fabric coated with a tacky ad¬ 
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hesive, and should be firmly wound around the 
horn, and pressed closely thereto as it is gradu¬ 

ally formed as a spiral until it covers the whole 
exterior* Commencing at the small end, it 

should be allowed to slightly overlap at the 
edge in the process of winding, and should be 

stretched as tightly as may be. 
A further method of avoiding “blast” is 

commonly resorted to by perforating a series of 
holes in the larger extremity of the recording 
horn, which allows the vocalist to approach the 
horn more closely with impunity, the effect of 

which is to clear the enunciation and secure 
what is known as the " forward ” tone in the 
Reproduction. Sometimes a longer piece of 

rubber tubing, which is used to connect the horn 
to the trunnion outlet, will have the effect of 
checking " blast ” by simple absorption, but, as 
a general rule, the record will suffer in its kick 
of brightness. In the matter of “ blasting,1" it is 
invariably the open vowel sounds which give the 
recorder the most trouble. ' 

In the year igoo Mr. Edison took out letters 
patent for an apparatus designed to prevent 

blasting” in recording, which was the first: 
attempt to grapple with the difficulty from the 
mechanical standpoint. The British specifica¬ 
tion numbered 13,692 of jqgo fully describes 
the character of the device and the method of 
its operation. In Fig. 13 the apparatus is shown 
in section, and its operation is as follows : — 

In all ordinary recording appliances the en¬ 
gagement of the stylus with the surface of the 
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blank imposes a slight upward stress on the 

diaphragm which tends to buckle the same. 
This, in Mr, Edison's opinion, destroyed the 

sensitiveness of the diaphragm. ((In order to 
counteract this upward strain," says Mr, 
Edison, ff I prefer to employ a counteracting 

weight, which rests upon the diaphragm imme¬ 
diately over the recording device (as shown), 

and which is guided within the nipple by means 
of the arms, whereby the weight may partake 
of a vertical movement. At the bottom of the 
counteracting weight is an elastic cushion, 

made preferably of a short section of rubber 
tubing. By employing an elastic buffer between 

the diaphragm and the weight, the effect of the 
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weight will be exerted at all times upon the 
diaphragm, even though the vibrations are so 

rapid that the weight cannot respond thereto on 

account of its inertia/7 
An alternative scheme in the specification, to 

the employment of the compensating weight, is 
the adoption of a tension spring shown in the 

Figure. 
On the publication of Mr, Edison's specifica¬ 

tion, I lost little time in constructing the 
apparatus in strict conformity with the text, but 

am bound to say that my experiments led to no 
fruitful result. So I pursued investigations in 
another direction, being convinced, at the same 
time, that the difficulties to be overcome were 
susceptible to mechanical treatment. I found 
by careful experiment that the upward stress 
ordinarily imposed on the diaphragm by the 
weight of the recording device, that is, by the 
contact of the stylus with the blank when the 
latter revolved at the usual velocity, was really 
a favourable condition for increasing the sensi¬ 
tivity of the diaphragm. The stress was coun¬ 
teracted dynamically. Firstly, the centrifugal 
force exerted by the revolving blank tends to 
reduce the weight of the recorder considerably; 
in other words, the element of time prevents 
gravity from exerting its full effect. Secondly, 
the impact of the revolving blank against the 
keen edge of the stylus, when set in a holder in 
the opposite direction to that proposed by Mr. 
Edison, tends to restore the diaphragm to com¬ 
parative equilibrium, by the mere effect of the 
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strain of resistance, I found, by actual demon¬ 
stration, that the method of disposing the 
stylus arm proposed by Mr. Edison, in which 

the cutter was pulled rather than pushed 
through the blank, to be an admirable measure 
to secure a clean and silent track, but the very 

means which secured this desirable feature in 
recording was responsible, at the same time, for 
depriving the diaphragm of at least half of its 
vibratory capacity, I found also that the 

arrangement reduced the disposition of the 

diaphragm to “blast'1 under the usual circum¬ 
stances, but this, of course, merely followed 
Jrom the fact that the diaphragm itself was 
checked, as before mentioned. 

Every recording practitioner will, I know, 
agree with me at once in the statement that 
records which are near the point of “ blasting ” 
are invariably more true in timbre than records 

which have no semblance of “blast ” about 
them. This goes to show clearly that there is a 
very fine borderline which separates the worst 

defects and the most perfect achievements in 
the recording art. 

Believing the principle of checking a super¬ 
sensitive diaphragm by a weight to be bad, and 
believing equally that no advantage could be 

gained by the employment of a tension spring 
designed to exert a downward pull upon the 
diaphragm, it occurred to me that a recorder 
should be supported upon the blank inde¬ 
pendently of its contact with the stylus, as far 

as possible. After numerous experiments, I 
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found the best form of such a device, as it 

seemed to me, and procured a patent in 1903 for 

the same. Its effectiveness may be gathered 
from the circumstance that most of the record 
manufacturers adopted it, and have retained it 

in use; in fact, the principles has been since 
applied to the disc (needle type) of recorder, 
which I never contemplated originally. In the 

latter connection, it has been found to ensure a 
more uniform track, and to keep the recorder 

i n;. 14. ’ 

steady against extrinsic vibration ; so important 
is this when it is considered that the recording 

tool for the needle type of disc is otherwise re- 
nuired to be very delicately balanced upon the 
blank. 

I he principle of the appliance is at once seen 
by a reference to Fig. 14, I found that a far 
more sensitive diaphragm could be employed 
with safety and without risks of “ blast ” when 
this bearing-bridge, as I term it, was used m 
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conjunction with the ordinary type of recorder 
forcylinders and phonodises. It was common ex¬ 

perience that the addition of weight to recorders 
did something towards preventing “ blast ” but 
at the same time the gain in this respect was off¬ 

set by other disadvantages, arising principally 
from the stylus cutting too deeply into the 

blank, causing muffled tones, and almost in¬ 
variably producing an echo in the reproduc¬ 

tion. My appliance was designed merely to 
overcome these defects, and the adjustable 
bridge, carrying a bearing piece (a segment of 
fme cork, graphited, or, preferably, a hemi¬ 
sphere of polished agate) on its underside and 
in line with the cutting edge of the recording 
sapphire, the whole spanning the diaphragm, 
yet without being in contact therewith, enableel 

the operator to obtain, by means of the adjust¬ 
ing screw, any desired depth of cut in the track. 

Furthermore, any reasonable amount of weight 
might be applied to the recorder itself to pre¬ 

vent it from jumping the blank surface without 
the diaphragm and stylus being in the least 
strained or otherwise affected. 

Notwithstanding these improvements in re¬ 
cording apparatus, it must be distinctly under¬ 
stood that they are of value only to the skilled 
operator I here is no royal road to recording, 

and nothing but sheer hard work, close applica¬ 
tion, and inexhaustible patience will make 

anyone really proficient in the work. Even the 
best recording experts are still learning the 

rudiments of the business, and they are per¬ 
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fectly well aware that finality is yet a long way 
off. There is no living man who is able to build 
up a recorder to order and guarantee that it will 

be suitable for anything but the scrap-heap be¬ 

fore it is put to the practical test, I he only 
way at present is to build up a series, and make 

selections for special work. When the most 
suitable diaphragm is once obtained, proved 

only by test, it is usually ear-marked, so to 
speak, and kept for a particular voice or pui- 
pose. I have known (by rare chance) individual 

or particular recording diaphragms which have 

been selected for certain qualities of voice to 
answer equally well for such dissimilar vocal 

registers as tenor, baritone, and bass. W hen a 
diaphragm of such superfine resilience is once 

secured, it should be prized very highly. It 
will be worth more than its weight in gold. 

The principal work of the recording tool is, 
as before mentioned, confined to the diaphragm 
and to the stylus. The next consideration is a 
good blank, which must be quite smooth, other¬ 
wise an indifferent record will be the result, not¬ 
withstanding how perfect the recording tool 
may be. The sapphire is required to cut the 
blank quite cleanly, and, in scoring the track, 
the wax should curl off in a long shaving. If 
tile wax is removed from the blank surface in 
the form of powder, it will be wise to throw out 
the blank as useless, unless, indeed, the effect 
can reasonably be ascribed to the low tempera¬ 
ture of the recording room, and therefore of the 

blank, when the remedy will be obvious. 
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In the selection of glasses for the diaphragm 
—and glass has not yet been improved upon for 
general work—only those which emit a clear 
ring on being gently dropped upon some hard 

obstacle should be used. Glasses which are de¬ 
void of character in themselves will never pro¬ 

duce a record of any distinction, I have found 
that the best diaphragms for recording are those 
cut from the microscopic cover glasses made by 
Zeiss to Professor Abbe’s formula. 

\ oca I sounds arc infinitely more difficult to 
produce than the average instrumental type, 
as the human voice is very complex in charac¬ 
ter, and does not even present the same com 
ditions to the recorder under all circumstances, 
As a general rule different vocalists will re¬ 
quire different diaphragms, and sometimes the 
same singer may demand a variation of dia¬ 
phragm on different occasions, if the acoustic 
conditions of the room are changed ever so 
slight!v, or the voice itself lias undergone 
some slight change, perhaps only temporarily, 
but certainly with more or less frequency than 

is generally supposed to be the case. In order 
to cope with such subtle difficulties, new 
diaphragms arc constantly called into requisi¬ 
tion ; or a different focus must be effected, that 
is to say, a different position must be taken 
up by the vocalist in relation to the recording 
horn; and sometimes such a simple circum¬ 
stance will accomplish a great deal towards 
the removal of such difficulties. 

I he vocalist should never make an attempt 
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to sing into the recording horn in the manner 
to which his performances on the concert plat¬ 
form have accustomed him. Pie must firstly 

recognise that, owing to the limitations of the 
recording process by present means, he must 
control the vocal as well as the artistic effort 
to the end in view, and it is the more or less 
even tone which has the most telling effect in 
the production of a good record. I he peculiar 
limitations of the recording diaphragm must 

be studied, which, if the artist has no 
mechanical bent—and as it happens that very 
few have—he can very easily do by paying 
close attention to the effects of various tests, 
when reproduced. Such light and shade in 
artistic expression as may be admitted in the 
rendition by the singer must be confined within 

comparatively narrow limits. In the accom¬ 
paniments, if the pianoforte be employed, the 
pianist should seldom or very cautiously use 
the loud, or rather sustaining, pedal of the 
instrument, which tends to iobscure the tone 
and reduce the definition considerably. 1 he 
strong staccato touch is far more rich in result. 
The recording horn should be situated obliquely 
towards the upper register at the back of the 
piano the upright type) for the best general 
pianoforte effects, an cl should be raised to 
about the level of the keyboard, and this is 
to be done, for the better convenience of the 
vocalist, by supporting the instrument upon 
a bench or other firm platform some three feet 

from the floor level. This is the practice in 
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most of the recording rooms. The distance 
between the month of the recording horn and 
the back of the instrument must be determined 
by careful experiment and no rule can pos¬ 
sibly be laid down, for the reason that the 
sonorous or recording capacity of a pianoforte 
is practically an unknown quantity until it 
has been first tested. It will entirely depend 
upon the structure and peculiarities of the in¬ 
dividual instrument, and the acoustic effective- 
ness of the recording room. As a rule, the 

distance found is generally very shorty but 
must be sufficient to permit the vocalist to take 
up 1ns position between the instrument and 
recording horn. 

Some very excellent effects from the use of 
the grand piano in vocal accompaniment have 
been obtained latterly by the experts of the 

Gramophone Co., in consequence whereof a 
revival of the piano accompaniment is taking 
place. Needless to say, the instrument has 
been specially constructed for the object in 
view, since the ordinary grand piano has been 
in such ill-favour with recorders for so many 
years, owing to the greater difficulty in obtain¬ 

ing as good tonal results as with the conven¬ 
tional upright type. In the use of the grand 
type, it will not be necessary to support it upon 
a stand, and the reflecting lid should be raised 
for the purpose of directing the sound waves 
into the confines of the recording horn as 
much as can be. The piano should be placed 
as near to the horn as conveniently possible. 
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It is sometimes advisable to use a two-way 

piece in this connection, which, by means of 
pieces of short rubber tubing, can be made to 
connect up two horns, one for the vocalist and 
the other considerably greater in length, and 

no larger in the opening, to be suspended 
down, slantwise, in close proximity to the 

piano wires. Especially for the robust voice 
and the female soprano is this device to be 
commended, and the piano will be heard to 

greater advantage. 
In making orchestral or band records, great 

attention must be paid to the most advan¬ 
tageous positions which the respective instru¬ 
mentalists should assume. 1 he general 
arrangement should be that those instruments 
which play the melody are not subordinated 
to the secondary, or those taking part in 
the counter-melody. Many of the players will 
need to be raised somewhat from the floor 
level and benches are provided wTith one row, 
and sometimes two rows of seats, for this 
purpose. Three such benches are usually 
enough, and are formed up as three sides of 
a square, the recording horn protruding 
through the usual partition which forms the 
fourth side. The aim must be to preserve 
the correct musical balance or value of the 
whole combination. An excellent average 
organisation for military band or concert music 
will consist of three trombones (first, second, 
and valve); one tuba; four or six clarionettes; 
three cornets; two horns; one saxophone or 
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euphonium; one piccolo; and a side drum, if 

desirable. I lie drummer usually manipulates 
the cymbal, bells, and other minor accessory 

devices for special effects. The piccolo player 
is also the flautist as occasion requires. The 
recording horn should be larger than that 
used for vocals, and should be at least 36 
or 42 inches in length, with a fare-opening of, 

say 18 or 20 inches. The exact dimensions are 

of little consequence in band work. The best 
shape is that of the double cone (see Fig. 15) 

It may be made of charcoal iron, stout sheet 
brass, or blocked tin, each of which metals 
contribute to the production of a good 
sonorous tone. 

1 he piccolo should take up a position at the 
extreme edge of the recording horn mouth, on 
one side, whilst the drum should be supported 
in the same position on the other side. The 
clarionettes should be ranged on either side 
of the horn, and next in order, being divided 
equally, and directing the bells of their instru- 
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meats in the direction of, but at a tangent to, 

the horn. The clarionettes should be elevated 
(rom the floor, some thirty inches or more, by 
means of two of the benches previously re¬ 
ferred to. The tuba is likely to give some 
trouble on account of its ponderous volume, 
and it should occupy a chair upon the floor, 
some twelve feet away from the recording 
horn, and it may be necessary to direct the 
bell of the instrument away from the general 
direction. Much will depend upon the manner 
in which the instrument is manipulated. Some¬ 
times he has been placed in front of the pic¬ 

colo, in which case he will be behind the horn, 
so to speak, and good effects have been secured 
by this arrangement. A great deal will depend 
on the cubic area of the recording room. A 
small room will conduce to the greatest inten¬ 
sification and fulness of tone, even though 
tire performers do not play in full strength. 
A great deal of volume will be dissipated in 
a room of large dimensions. Indeed, so much 
depends upon the particular character of the 
room employed for the purpose that it is quite 
necessary to experiment a little to ascertain 

the most favourable conditions. f he eupho¬ 
nium and horns are usually seated on the 
floor in the central area of the benches, and 
the three cornets should be assembled in a row 
at the back, and immediately in front of the 
trombones, the latter being elevated on the 
back bench, and some 12 or 14 feet distant 

from the horn. 
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1 am here giving only approximate positions 
which the instrumentalists should assume, 
and the precise ones should be carefully deter- 
mined by a test record. If the tone, after such 
a test, is found to be "thin ” or weak without 
any tendency to be i£ blasty T> or predominant 
in over-tone, then it will be pretty evident that 
either the diaphragm is too stiff, or if not, 
that the performers must be brought nearer to 
the horn. If the tone is still "thin/' and 

blasting5J occurs, a change of diaphragm 
will be inevitable to correct the defect. The 
nearer the instrumentalists are to the horn, the 
more will be the fulness in the tone of the 
subsequent record. If the general timbre 
is good, but one or more of the instruments 
have a tendency to “ blast ” somewhat, the per¬ 
formers should be enjoined to reduce strength; 
taking care not to unduly disturb the balance 
of the whole. The recording expert must be, 
above all things, a man of resource, and if he 
have an intelligent appreciation of the fitness 
of things he will quickly discover what to do 
and what not to do in any emergency, after 
some little experience. 

Experience, to be sure, is the only real 
teacher in the art of recording. There are so 
many subtleties to comprehend, so much 
mechanical finesse to grasp, that no written 
instructions could ever amount to more than a 
rough and ready guide. The recording expert 
is the one man in any record-making estab¬ 
lishment who holds the fortunes of the esfab- 
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lishment in his hands. Much <depends on 
others, in the allied processes, but they are as 

emin entl[y^his work"" which ?s judged in the final 

-ally good ««<>• 
and the plethora of the commonplace is evi¬ 
dence sufficient that really good recorders are 
extremely few, and are not to be picked up at 
random.' A business such as recording is too 
young to have developed a large crop 
trained and experienced devotees as ye . 
Experiments in recording are more costly than 
most people imagine, and this is a serious 
drawback to the advance of the art Much has 
been accomplished by mere accidental dis¬ 
cover v, but the inventor is keenly alive to the 
enormous possibilities which lie latent for want 
of opportunities in research. There is no 
valid reason to doubt that absolute realism will 
one day be reached in the mechanical repro¬ 
duction of sound. The talking machine is 

still in its infancy. 

When the “ master ” cylinder is made and is 
passed as satisfactory, the next step is to en¬ 
grave the title of the theme and catalogue 
number, etc., on the bevelled end of the record, 
which is clone by means of a very complicated 
machine, costing some fifty pounds. In con¬ 
nection with this machine a large dial, so to 
speak, with the letters of the alphabet and 
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numerals arranged in a circle near the peri¬ 
phery, is operated in conjunction with an arm, 
one end of which is a tracker, and the other a 
very small steel revolving engraving tool By 
a motion similar to that of the pantograph, 
sometimes utilised in drawing for enlarging 
purposes, the tracker is guided by the hand 
over the larger face of the dial letters, when 
the revolving engraving tool, which is brought 
into contact with the annular extremity of the 
record upon a conveniently poised mandril, is 
thereby induced to automatically engrave the 
desired letters in the wax in much smaller 
characters, I hese letters are engraved in this 

way much more rapidly and accurately than 
could possibly be the case if attempted by 
hand; and when a metallic matrix is made 
from the record, ail duplicates are ready fur¬ 
nished with the titling complete. In the final 
process of finishing, the lettering is made more 
conspicuous by the filling-in of whiting and 
size, which is smeared as a paste over the 
engraving. The superfluous material is after¬ 
wards wiped off, but what is left in the re¬ 
cesses of the letters remains, being below the 
surface* 

CHAPTER V. 

THE TIMING OF THE RECORD. 

The average song or orchestral selection 

must necessarily be abridged or cut down to 
accommodate the limited capacity of the 
blank, which commercial considerations have 
determined it shall assume. An attempt was 
made, in the past, to increase the standard 
length oi cylinder records to six inches, but 
without much success. Once a standard, how¬ 
ever wrong, has been set, it is indeed difficult 
to displace it on account of the large number 
of reproducing machines already sold to the 
public to which radical innovations arc not 
easily applicable. There arc always numerous 
enthusiasts who w ould have no hesitation what 
ever to turn their old machines into 11 scrap A 
and who would willingly acquire the latest 
improvements. But these are never sufficiently 
numerous to consider from a commercial point 
of view. I he expense of manufacturing new 
types of machine and records is great, for it 
is only their production in large quantities 
which enables them to be made at possible 
prices at a profit. Every shrewd manufac¬ 
turer, therefore, who has, generally speaking, 
but a secondary interest in the purely artistic 
and progressive aspect of the talking machine, 
will naturally endeavour to conform to the 
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standard requirements as far as possible in the 
introduction of any improvements he may feel 
disposed to make. That is one of the strongest 
reasons why progress is so slow. 

An excellent scheme for extending the length 
or playing capacity of records was one 
patented (since lapsed) by Mr. Haw tree in 1905 
(specification, G.R. No. 4SS0), It consists in 
the record being made in the usual way upon 
a cylinder of extraordinary diameter, say three 
feet, after which it might be electrotyped in 
the usual way for the production of a metallic 
negative which, in turn, might furnish any 
reasonable number of copies in a flexible mate¬ 
rial such as comparatively thin celluloid. The 
modus 0per and i in the manufacture of cellu¬ 

loid records will be explained in detail in a 
subsequent chapter. The huge cylinder, when 
pressed in celluloid is removed from the matrix 
and instead of being mounted upon a solid 
core to adapt to the ordinary mandrils of the 
standard reproducing machines, it is repro¬ 
duced by being placed in a manner analogous 
to that of a machinery belt over two pulleys or 
small cylindrical mandrils, and is run in that 
wise, the reproducing mechanism being 
adapted to contact with the portion of the 
record on the upper mandril, and having the 
usual traverse motion for the purpose of fol¬ 
lowing the track spiral. The only practical 
difficulty about the scheme is that the record 
band would have to be adjusted to a con¬ 
siderable tension to avoid possibility of slip¬ 
ping and also to produce firmness of tone. To 

THE TIMING OF THE RECORD. 99 

secure these results by such means would 
require a driving mechanism of powerful pro¬ 

portions, and it is indeed doubtful if a spring 
motor, however powerfully built, would be 

equal to the task imposed upon it The great 
superiority of the system, however, lay m the 
circumstance that records could be made of 
almost any duration, in playing capacity, by 
the increase of length or of diameter, or 
both. The original’ recording machine, and 
the original record would, of course, be some¬ 
what clumsy affairs, but as the duplicates in 

celluloid would be endless bands capable of 
being folded up with some compactness, this 
circumstance would not affect the commercial 

side to anything like the same extent. 
In the early days of the phonograph, the 

records were made to reproduce about double 
the length of the standard 1 oo-thread-to-the- 
inch records. These were the progenitors of 
the latter-day Amberols. But in those days 
they were “ masters ” in comparatively soft 
wax, and the moulding process had not been 
brought into requisition, through which harder 
compositions in the duplicates could be secured. 
Probably this reason alone sufficed to cause 
their early demise, for those who can remem¬ 
ber will confess that much superfine tone was 
secured in these early specimens. The loo-to- 
the-inch track soon became the practical 
method, and in conjunction with the vacuous- 
deposit system of electrotyping introduced by 
Mr. Edison, the best examples of these hav" 
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never yet been surpassed for tonal beauty and 
fine definition. But the demand having arisen 
for a record of greater length, Mr. Edison, 
was induced to re-introduce the 200-thread 

record, which he christened as the Amberot 
Considered in its commercial aspect, and tak¬ 
ing means and end into account, I regard this 
innovation, together with the accessory dif¬ 

ferential gears to reproduce them upon the old 
standard machines, as a piece of high 
mechanical genius. But, artistically, these 
records have never succeeded in the full sense 
of the term. What was gained in tone-colour 
was lost in tone-realism. The greater volume 
of this latter-day product over the original 
white wax masters of this variety was pro¬ 
duced by superior recording processes, and by 
being moulded in denser material. Nevertheless, 

it is a truism that in Nature everything is co¬ 
related; it could scarcely be expected that a 
record of the same dimensions, and possessing 
double the length in playing capacity, could 
retain more than half of its tonal effects; and 
it is something after all that a small cylinderr 
scarcely more than two inches in diameter, 
and less than four inches in length, has been 
made to play for an average of four minutes, 
instead of two, by means of a small variation 
in the old standard reproducing mechanism. 
This mechanical attachment enables the man¬ 

dril to revolve at the same rate as heretofore, 
viz., 160 revolutions per minute (the assumed 
standard velocity) while retarding the lateral 
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,1 of the carrier-arm and reproducer to 

SfJSSf- ."fa* «««i. ^ 
effected, if des.red, and em- 

,ch pallet much finer .ten 
plovc.d, since the tracic is = 

,hThffor^!ng dtcription of .he differ^ 
J. ei.piovedgn,ay be supplemented by h 

Iguve below, which represents a group of h 

parts which make it up, ready to be assembl 

The Amberol Atta.cumest.—Fig. 16* 

upon an Edison “ Standard ” phonograph. 

This attachment may be easily applied by any 
ordinary mechanic, in less than half-an-houi, 
bv following the printed instructions which 

accompany the sets as they are sent out by the 

manufacturers. 
The " Amberol,” or 200-thread record, was 

originally moulded in a wax substance, of con¬ 

siderable density, on account of the greater 
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usks of injury to so fine a track with a corre¬ 

spondingly finer stylus- Shortly after its ap¬ 
pearance upon the English market, and having 

made some close observations with reference to 
its friability, and certainly long before the 

Blue Amberol appeared at all, 1 communi¬ 
cated my impressions to the Talking Machine 
Aews, of January, 1910, and boldly suggested 
that the Amberol record in any kind of wax 

material was not a practical proposition; and, 

having in view my previous experiments with 
celluloid cylinder records, I declared that only 

by the adoption of celluloid or similar cellulose 
material could the technical, as well as the com¬ 
mercial, success of the “Amberol” idea be en¬ 

sured. I stated that I had already produced 

samples of 200-thread cylinders in celluloid, 
and that, in addition to the greater durability 

of the record itself, a superior volume and 
quality of tone was also obtained. I took the 

commercial wax Amberol record as I found it, 
and, after treating its surface to render it elec¬ 

trically conductive, immersed it in the sulphate 
of copper bath connected to a dynamo, and 
grew an electrotype upon it. This, of course, 

constituted the mould for the celluloid dupli¬ 
cate. I was thereby enabled to make an exact 

comparison on the questions of durability, 
volume and fidelity of tone, in actual reproduc¬ 
tion, inasmuch as it were easy to obtain any 

number of wax copies for this purpose from the 
market stock. It is interesting to notice that 

Air. Edison, some two years later, saw the 
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matter in the same light, and theieafter super¬ 

seded the wax Amberol by the “Blue (cellu¬ 

loid) Amberol record, which has now achieved 

a far greater degree of popularity, as well as 

a higher standard of technical excellence. 
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CHAPTER VI. 

the making of disc records. 

Much of the instruction in the foregoing 
chapters having reference to the recording of 

cylinders will be equally applicable to the 
makmg of discs. The appliances will be 
dilterent, as a matter of course. A machine 
or recording tile latter will require to be con¬ 

structed on heavier lines in consequence of hav¬ 
ing to do heavier work. There are numerous 

types of disc-recording machines in use, all 
bemg designed to accomplish the same end. 
■Some are extremely simple in construction, 
while others are very complicated and con¬ 
venient. Fig* 17 represents one of the early 
types, designed by Fitch, showing the usual 
gravity motor attached, and also the recording 
trunnion and vertical disc recorder in position* 
It will be seen at a glance that the motor, 

actuating the driving belt attached to a pulley 
on the underside of the turntable, revolves the 
latter; and by means of a smaller pulley with 

cord attached the feed mechanism is operated 
simultaneously* The recording horn is con¬ 
nected to the inlet tube of the trunnion with the 
aid of a short length of rubber tube somewhat 
flexible, to permit of free motion of the slide. 
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The whole being super-imposed upon a rail with 

runners more readily allows the hand to guide 

the machine along steadily when making a 
record so that the horn focus is approximately 
constant, which is somewhat important when 
recording instrumental combinations. 

It is very desirable that the table of the disc 

Fig. 17. 

recording machine should revolve with great 
steadiness and accuracy \ and the spindle wrhich 
carries it should be fairly stout and rigid. 1 
have seen some of these spindles an inch thick, 

but there is nothing to be gained in excessive 
rigidity, as correspondingly heavy bearings are 
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in that case likewise needed, which act to call 
into play much undesirable friction. The two 
bearings may, however, be arranged as ball¬ 
bearings, or the under bearing may be disposed 

as a "centre,” or may be cupped to take a small 
ball set in a corresponding cup at the base. I am 

not disposed to favour the use of ball-bearings, 
however, for this purpose, as they are rarely true 

in the running, and merely favour the reduction 
of friction. 1 he cone bearing is by far the 
best principle, but will require greater power to 

drive. And yet it is imperative that a record¬ 
ing machine shall be designed to be driven with 
the smallest actuating source of energy com¬ 
patible with the object, on account of the diffi¬ 
culty in correctly governing the regularity in 
the motion of heavy apparatus, an cl when so 
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much depends on perfectly regular motion from 

the recording and acoustical point ot view, 
The more recent types of recording machine 

have been designed to perform the traverse 
movement by the table itself, recording 
apparatus and horn being quite stationary. 1 his 
has been accomplished by a different disposn 

tion of the feed device, and a revolving feed^ 
screw working freely with a fixed feed-nut m 
the frame. A machine operated on these line, 
was patented in ipoo, an illustration of which 

may be seen by referring to Hg^ lo- 1 
mechanism is somewhat analogous to that ot 
the original phonograph, and of Scott s 
+ < PhonautographA 1 he only advantage gamt 
by an arrangement of this kind is that the 

recording horn is constantly at one focus to the 
recording sounds, but this is, nevertheless, one 
of no small importance. A more perfectly de¬ 
signed machine on the same lines is that of 
Dixon, shown in Fig. lQ- 1 he whole of tae 
framework carrying the feed screw and under¬ 
neath gears slides with the table on a shaft at 
the top and against a straight edge at the base. 
The feed-nut is held by a spring clamped to a 
solid standard which is fixed to the base. The 
recorder-holding attachment (adjustable) over 

the table can be set in any desired position to 
accommodate different diameters of blanks. It 

will be seen, also, that vibration is reduced to a 
minimum at the essential point by the turntable 
being revolved by means of a metal-plate en¬ 
cased rubber bevel wheel held at a moderate 
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tension to el bevelled projection on the underside 
of the table. The slide-rod carrying the rubber 
bevelled wheel is slotted, and passes freely 
through the driving pulley, at the extreme left- 

hand of the illustration, which merely revolves 
but has no side movement whatever. The feed¬ 
screw is operated by a helical which is pEirt of 
the table spindle. The whole is a very perfectly 

Fig. 10. 

assembled piece of mechanism, but it has one 
drawback; it requires a strong actuating motor, 

which must be connected with a belt. The 
danger of slipping, under considerable resis¬ 
tance, is real, with results, in the acoustical con¬ 
nection, which might prove appalling. 

I have referred to the advantage which the 
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machine with the lateral traverse of the turn¬ 

table is supposed to possess over that with th 
simple rotating table with travelling recorder, 
which is that the acoustic focus is always_ con¬ 

stant, other things equal. Ihe object of is 
arrangement is to preserve an uniform quality 

of tone in the record- To a very great extent, 

however, this desirable result may be leache 
by other and simpler means; and the use of a 

metal tubular bend, or rectangular conduit, 

connected with the trunnion and the recording 

horn by a short length of rubber tube—so that 
the horn, lengthwise, is parallel with the fee 
screw—wi 11 certainly vary the distance slightly 
of the horn mouth, but will, nevertheless, keep 
it constantly in the same relative angmar posi- 

Don. In such circumstances, it will be desir¬ 

able to suspend the recording horn in such a 
manner with a travelling pulley upon a taut 

wire, so that any resistance to the drag of the 
horn may be minimised as far as its effect upon 

the feed-screw is concerned., 
The most satisfactory type of motor for actu¬ 

ating the disc recording machine is the weight, 

or gravity, type, analogous to the motors em¬ 
ployed by turret-clock manufacturers. If pro¬ 

perly constructed, these motors are steady and 
reliable. In the early days, the electric motor 

was resorted to, but, owing to its uncertainty in 
governing, it was soon abandoned in favour of 

the weight motor. The drum, or power shaft 
around which is wormd a fine steel cable is 

sometimes turned out of hard wood, having 
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metal spindle and supports, and sometimes it is 
all constructed out of metal. The cable is 
secured at one end of the drum, which is also 

fitted with a pawl and ratchet; and, by means 

of a crank, it is wound around the drum in sue- 
cessive layers, after the fashion of a windlass, 

the other end of the cable having attached to it 

a heavy weight. A train of toothed wheels 

engages with the drum spindle, furnished with 

governing apparatus, much after the manner in 

which a similar wheel-train is connected with 

the clock-spring spindle of ordinary gramo¬ 
phone motors, although heavier in construction. 

The gravity motor is generally bolted down 
securely to a firm bench, the cable running up¬ 

wardly (for convenience) and over a pulley, or 

series of pulleys, attached to the joists of the 
floor above, or rafters of the roof, as the case 
may be, to enable the heavy weight (generally 

about i cwb) to have an ample drop, that is to 

say, to permit of a sufficient number of revolu¬ 
tions by the drum to actuate the driving pulley 

for a sufficient length of time to carry at least 
one record through without the necessity to re¬ 

wind* An illustration of one of these motors, 
adapted to actuate a recording machine by 
means of a belt is given in Fig. 20, which will 
enable the reader to see at a glance how the 

power is obtained and the speed of rotation 
accelerated. 

The obvious superiority of the weight motor 
lies in the fact that the source of power is e^en 

and constant. Its construction, moreover, is 
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extremely simple, not likely to easily get out 
of order". Its only disadvantage is its clumsi¬ 

ness, and the necessity for a considerable drop 

length, as far as the weight movement is con¬ 

cerned. The cable may be arranged, if desired, 

to travel in a straight line from the drum 
through a hole in the wall of the recording- 

room, or out of a window, if the recording- 

Fig, 20. 

room is situated above the ground floor; and 
the weight may be adjusted to drop, by means 

of a pulley wheel, below the floor elevation. 

Or a series of pulleys may be arranged to 
economise the downward drop, in the well- 

known way, but this scheme would entail the 

necessity to employ a heavier weight, in order 

to compensate the increased resistance of the 

pulleys- 
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To those who, for a variety of reasons, 

would prefer to adopt the electric motor to 
operate the recording machine, I would draw 
attention to a very excellent device invented by 
Mr. Ezekiel, which certainly does much, if not 
all, to correct the occasional breaks in the elec¬ 

tric current which have been so great a source 
of annoyance to the operator in the past. It is 

exceedingly convenient to press a button, or 
turn a switch, to put the recording machine in 
motion; the electric motor, connected to the 
lighting circuit, is exceedingly compact, besides 
doing away with the necessity of winding. Its 

uncertainty in governing is its only drawback. 
In what manner does Mr. Ezekiel overcome this 
inherent defect of the system? By attaching a 

knuckle joint to the armature spindle, connect¬ 

ing with a flexible cable of short length, the 

other end being attached to the governor 
spindle of a train of wheels ending with the 

turn-table spindle. The high velocity of the 
motor spindle is thereby geared down to the re¬ 

quired velocity, and- any “twitch” in the cur¬ 
rent is absorbed by the flexible cable through 
the regular momentum of the turn-table. He has 

assured me that the arrangement is an unquali¬ 
fied success, and I have no reason to doubt it. 

But I have never had occasion to test the prin¬ 

ciple for myself. 

in 

CHAPTER VII. 

DISC RECORDING APPARATUS. 

Having succeeded in getting the recording 

machine set up, with its attached motor—if the 
whole be not self-contained—-in good running 

order, the first important thing to do will be 
to regulate the velocity of the turntable to 
the generally accepted standard of 80 revolu¬ 

tions to the minute. This speed is, of course, 
arbitrary, and need not necessarily be fol¬ 
lowed. In fact, there are many technical rea¬ 
sons why such a standard should be set at 
naught. All that can be said for it is that 
it is a convenient compromise, and its obser¬ 
vance does not entail upon the public the need 
to continually change the turntable speed of 
their reproducing machines, which would cer¬ 
tainly be requisite if the alternative of vari¬ 

able speeds were adopted. 
This relation of speed in the motion of the 

recording blank is well understood, its object 
being to continuously furnish new ground for 
the recording stylus to cut the spiral track, 
and to simultaneously register the sound-wave 
markings therein corresponding to the vibra¬ 
tions of the particular sounds it is desired to 

record Now, it is incontestably proved that 

the different sounds which come within the 

M 
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scopf of the average or normal human aural 
function are characterised by very wide dif¬ 
ferences in vibratory frequency. The deepest 
bass sound audible is produced by 32 vibra¬ 
tions in a second; the sharpest treble sound by 
something like 15,000 in the same time.* It 
will be obvious at once that the higher vocal 
registers require a considerably higher speed in 
the moving blank than the lower registers, if 
anything like a true value is to be given to 
each; that is, if the normal dimension of the 
sonorous wave in each class is to be accurately 
registered. For the lower and middle registers, 
the standard speed will suffice very well, but it 
is altogether inadequate for the soprano pitch, 
the more so when we take into account the re¬ 
producing methods in vogue. It has not 
occurred to the minds of recording experts, 
presumably, that their significant failure to 
record the vigorous soprano voice, as effec¬ 
tively, let us say, as they record the full bari¬ 
tone types, is due, pre-eminently, to this funda¬ 
mental if simple question of turntable velocity. 

Let u$ now turn our attention to the disc wax 
blank. In a previous chapter I have referred 
to its composition, and its subsequent treat¬ 
ment by way of preparation for the recording 
process. Its beautifully smooth surface is all 

* The production of a note of any higher octave 
is occasioned by twice the number of vibrations per 
second to that of the corresponding note in the octave 
lower. Ergo, if C on the piano is produced bv 258 

vibrations per second, then the octave, or eighth 
note higher, is produced by 516 vibrations, and so on. 
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that can be desired, we will assume, but it will 
still be necessary to warm the blank prior to 
recording, in order to ensure clean cutting by 
the recording stylus and to reduce unnecessary 
friction, and consequently, surface noise, in 
the final reproduction. The most convenient 
form of oven for this purpose will be a wooden 
cabinet, zinc or asbestos lined, with several 

shelves made of lattice-work, or rods about one 
inch apart, so that the heat may be transferred, 
from its source at the base of the cupboard, 
upwardlv and penetrate the mass of the blanks 

to be so treated. Mere surface warming is 
utterly insufficient, as cooling would be too 
rapid and uneven when placed upon the 
machine, and during the recording process. It 
is also customary to maintain a fairly high 
temperature in the recording room, not only to 
assist m keeping the blanks in condition, but 
to promote the acoustic properties of the room 
itself. A little experience will soon teach the 
recording operator just whkt degree of warmth 
the blank will require for best results, and 
some compositions will require to be warmer 
than others, according to their density. 

It should not be heated excessively, of course, 

and perhaps the best general test to which the 
blank, prior to use, should be submitted, is that 

the cut from the recording stylus shall be 
clean, comparatively silent, and shall throw 
off the wax so cut away in a long thin thread, 
which can be easily blown away by the breath. 

The best source of heat for the warming 
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chamber referred to is the electric radiator, as 
gas jets invariably cause condensation, and 
the beautifully shaved blank surfaces may be 
thereby spoiled. Steam pipes may be em¬ 
ployed, if desired, but only a moderate heat 

must be allowed to be given off, so that the 
warming is very gradually accomplished The 
usual plan is to keep the blanks in the cham¬ 
ber for two or three hours before use. A heat 

too intense will often split the blanks as well 
as distort their shape; and I have found it an 
excellent plan to lay the blanks, with their 
faces upwards, upon pieces of plate glass, on 
top of the racks, so that their level surfaces 
may be kept intact, and all "sagging" of the 
material, by the effect of gravity, be obviated. 

The short stud which projects from the 
upper side and centre of the recording machine 
turntable will serve to keep the blank in the 
correct position. Generally speaking, blanks 
are prepared with a central hole of 7 milli¬ 
metres diameter, but a more recent method is 
to furnish the blanks with a recess of the same 
diameter on the underside, about three-quarters 
of an inch in depth, which engages with the 
turntable stud, an cl leaves a perfectly plain 
surface above. The object of this arrangement 
is to ensure a more exact "centre” mark for 

the subsequent boring of the central hole in the 
metallic matrix. Sufficient now to say that 
before the wax record is removed from the re¬ 
cording machine, the exact centre should be 
found by an adjustable style, and a minute 
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ring inscribed automatically by a revolution 

of the turntable by hand. 
Usually, the dead weight of the blank will 

be sufficient to hold it down snug to the turn¬ 
table, and to prevent creeping during the 
recording, but for safety, two, three, or four 
clamps may be attached to the edge of the 
table with adjusting screws to press against the 
outer wall of the blank. Either before this 

Sinuous Track, 

Undulatory Track. 

Fig, 21. 

operation, or at the time of trueing up the 
blank in its earlier stages, a triangularly 

shaped tool should be made to cut a small 
groove, about one-eighth of an inch in depth, 
mid-way on the outer wall of the blank; be¬ 
cause, at a later stage, when subjecting the 
record to the electrolytic bath for securing a 

matrix (for the duplication of records for the 
market), it must be provided with some means 
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by which it can be vertically suspended 
therein without any contact with the face of 
the record. The afore-mentioned groove will 
permit a length of copper wire to be bound 
around the edge of the record, which, at the 
junction of the ends of the wire, should be 
looped for hanging on the bath rods in the 
circuit, 1 may mention that a later method 
avoids this necessity by supporting the record 
in a frame or holder made of vulcanite, which 

is non-conductive, the current being carried to 
the outer edge of the record, by a fine conduct¬ 
ing wire of copper. Sometimes the electrotype 
is expedited by an additional conductive wire 
to the centre of the record, the growth taking 
place from the two points simultaneously. 

It is next in order to explain the construc¬ 
tion of the recording tool for discs- For the 
recording of discs having the undulatory 
track, known as phonograph cut discs, the 
same type of recorder is used as in the making 

of cylinder records. These have already been 
explained and illustrated in an earlier chap¬ 
ter, and need no further description. The re¬ 
cording machine must be furnished with a 

satisfactory sound-tight joint with a vertical 
motion only to rise and fall with every slight 
variation in the blank, if any should take 

place. What is called a trunnion is the best 
form of this indispensable attachment, and an 
illustration of the same has already appeared 
in the section referring to cylinder work. In 

the case of discs, however, the bore should be 
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somewhat larger than that employed in the 
recording of cylinders. The tubular extension 

of the trunnion which connects with the record¬ 
ing horn by means of a short length of rubber 

tubing, may be as large as one inch in dia¬ 
meter, tapering down inside to about Eve- 
eighths of an inch at the orifice in the barrel 
which effects a junction with the recording tool. 

mo nr CLEVMTion 

Tig, 22. 

5JDE ELEVfiTlOtt 

Fig. 23. 

A front and side elevation view of a recorder 
designed for discs having a sinuous track, 
known as “needle0 discs, is given in Figs. 22 
and 23. Some makers prefer that the socket of 
the recorder be provided with a set-screw to 

firmly fasten at to the trunnion. Others prefer 
to bore the conduit of the trunnion barrel 
taper wise, and provide the recorder end with a 
corresponding male taper on the outside for 
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simple insertion of the latter into the former. 
This arrangement is undoubtedly best, as 
allowing no side play, but it requires to be 

very accurately made—indeed, the two surfaces 
must be carefully ground to a perfect fit in 
order to avoid any possibility of slipping. The 
use of a set screw and collar to the recorder is 
possibly more certain, but the tightening of 
the screw in practice generally throws the re¬ 
corder slightly out of alignment, which is to 
be avoided for several reasons. 

It will be seen by a glance at the arrange¬ 
ment of the recording tool in the first figure 
that the plane of the diaphragm will be paral- 
Id to the plane of the blank when in action, 

1 he zig-zag character of the vibratory motions 
on the wax by the stylus is produced by the 
small lever movement which is supported upon 
the bridge spanning the diaphragm. The 
movement itself is connected at one end by a 
piece of line steel wire to the centre of the 

diaphragm, fastened thereto by a tiny blob of 
shellac, wax, or seccotine, The other arm of 
the rectangular lever is furnished with a trian¬ 
gularly pointed sapphire stylus, with a highly 
polished and keen cutting edge. It must on 
no account be made heavily to favour sonorous 
absorption, yet it is required to be made 
strongly and be possessed of considerable 
rigidity, I he lever is usually made of steel, the 

fulcrum being a pair of minute centres, which 
are adjustable in the most delicate degree. 
These tools may cost anything from £t 
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each to make up, on account of the care 
required to be exercised in their mounting. I be 

sapphire styli cost about 2s. 6d. each at first 

hand. , , 
A point to which particular attention should 

be directed is the correct weight which the 
recorder should impose on the blank surface. 

For needle disc records, having a track of vir¬ 
tually constant depth, it is not necessary to cut 
into the surface very much, since the tiaek in 
the finished record is only a guide for the 
trailing needle attached to the reproducing 
soundbox. The recorder being of larger dimen¬ 
sions than of the type used for cylinder work, 

its weight is correspondingly more, and means 
must be resorted to for releasing most of this 
dead weight. The trunnion should be fur¬ 
nished with a rod extension from the barrel, in 
the opposite direction to that of the recorder, 
with a sliding block of metal, capable of being 
fixed at any requisite position on the rod, by 
means of a set-screw. 1 he required equilibrium 
can thereby be secured, foi1 the recorder stylus 
must pass very lightly over the blank surface. 
The weight required is very little; and if too 
much is given to the recorder, not only will the 
track lie excessively deepened but the freedom 
of the diaphragm will be impaired, and the 
stylus will kick and fracture the track and 
prevent any satisfactory record being made. 

A suitable size of diaphragm for the record¬ 

ing of band or orchestral selections will be 
found to be from if to 2 inches in diameter. 
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tor vocal work, the size may more advan¬ 
tageously be from ii to 15 inches. The general 
directions as to placing the performers before 
the recording horn, which were given in a pre¬ 
vious chapter having reference to the recording 
of cylinders, may be followed with very slight 
variation. There is a smaller disposition to 
if blast ” in the recording of discs, owing to the 

^ in, 24,— Disc Recorder.. 

lateral motion of the stylus, but the over-vibra¬ 
tion of the diaphragm may just as easily take 
place, if too great a force be directed thereat* 
and which will result in a corresponding defect 
in the record in which it occurs. 

Another type of disc recorder, and one which 
is findings increased favour with operators, is 

the vertical, being constructed so that its dia¬ 
phragm and stylus bar assume a perpendicular 
position (see b ig 24). By its use, both fuller 
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and stronger tones may be secured, in addi¬ 
tion the stylus motion more nearly approxi¬ 

mates that of the reproducing soundbox, tor 
which reason a superior quality of tone is pre¬ 

served. There are, of course, several schemes ot 
construction, the one illustrated showing the 
styluS bar lever held by a small blob of bees¬ 
wax to the fulcrum bridge. The shorter the 

lever arms on the under side of the fulcrum the 
smaller will be the tendency of an over- 
vibrated diaphragm to stamp its deleterious 

effects upon the record, but the volume strength 
will be correspondingly reduced. 1 he usual 
practice in the recording rooms is to employ- 
recorders of tins type with a metal bar across 
the diaphragm (but out of contact with it; so 

that the fulcrum may be placed about midway 
between the centre of the diaphragm and the 

extremity of the cutting stylus. 1 he waves 
recorded under these circumstances will he 
practically of the same amplification as that of 

the diaphragm itself. It shbuld be pointed out 
also, that the attachment by a small piece of 
wax of the stylus bar to the fulcrum bridge as 
herein shown, is merely a simple way of con¬ 
structing a tool of this character, and is not 
extensively adopted on account of the readiness 
with which the stylus may be accidentally de¬ 
tached. The most common method is to mount 

the stylus, fitted with a small block, between 
two fine steel centres, set in small studs, and 
which are delicately adjustable, inasmuch as 
there must neither be binding nor slackness in 
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the bar itself* It should be just free to move 
in response to the motions of the vibrating dia¬ 

phragm, which has a very limited extent of 
motion indeed. The bass and baritone, and 
even tenor and female contralto voices, are 

usually recorded with ease (given a suitable dia¬ 
phragm) with such a diaphragm with a pre¬ 
hinged stylus bar; but on account of the greater 
periodicity of the soprano, it is preferable to 
employ a “ check action 11 or tension springs to 
keep the stylus under some amount of control 
and to facilitate rapidity of recovery. A change 
of tension, by adjustment, will frequently ren¬ 
der a change of diaphragm unnecessary when 
dealing with a troublesome voice, and even 
when dealing with different subjects. The tone 
is also more solid, more firm and clean. 

The greatest care must be observed in fixing 
the diaphragm to the ‘‘ shell 17 of the recorder. 
It should be lain perfectly flat on a thin rubber 
gasket of the same diameter, and, being gently 
held in position by pressure of the thumb upon 
the diaphragm itself, should be fixed by means 
of a heated solution of bees-wax and resin in 
equal parts, which, when set, will retain a fair 
measure of “ tack u or flexibility. Diaphragms 
should never be affixed by such hard-drying 

adhesives as seccotine, or other fish glues, which 
will enormously reduce the vibrating capacity 
thereof. If the bees-wax and resin mixture be 
made in a small ladle, it can easily be heated 
to the fluid state by means of a small spirit- 
lamp, and a small spoonlike tool, made from 
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a short length of brass tube, about one-eighth 

of an inch in diameter, filed at one end to some¬ 
what resemble a pen nib, will be useful to pick 

up the fluid and run it around the edge of the 
diaphragm and gasket. I he wax need not 

overlap the diaphragm at all. 
Another variation of the vertical recorder 

consists in the stylus-bar being made with a 
fine steel cross-bar rigidly attached, one end 

of which acts as a centre to engage with a cor¬ 
responding female stud, the other being turned 
upwardly and flattened as a knife edge to in¬ 
sert into a corresponding slot in the opposite 

stud. The bar is then held taut by a silken 
cord, attached to an adjustable terminal, and 
disposed so as to pull in the direction of the 
centre, in order to keep the bar perfectly rigid, 
without any interruption of its required back¬ 
ward and forward motion. There is really 
nothing to recommend this particular method 

of mounting that 1 have, by experience, been 

able to discover* 
In setting the cutting stylus into the end of 

the stylus-bar—which should be bored partly 
up for that purpose—care must be taken to get 

it: parallel with the diaphragm, as well as the 
cutting edge at a right angle thereto. I he best 
medium for mounting this is shellac, heated to 
the necessary degree. The usual styli em¬ 
ployed for needle discs are manufactured from 
sapphire, on account of its density and suscep¬ 
tibility to a high polish for clean cutting of 
the blank. They are triangularly pointed in 
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order that the cut-track shall assume a V form 
in cross section, for the superior advantage in 
the subsequent duplication in the presses, and 

also for the better tracking of the reproducing 
needle* 
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CHAPTER VIII. 

MAKING A TEST RECORD. 

Now that we have the recording machine in 

order, the blank warmed, and the recorder 
attached to the trunnion, we will next procee > 

step by step, to make what is called a test. 
This is the necessary preliminary to making an 

actual record, and has as its object the dis¬ 
covery of the suitability of the particular voice 

h is desired to record to the diaphragm or the 
recording tool. It is a peculiar experience that 

certain kinds or qualities of voice record much 
more easily than other kinds, and sometimes it 
is only with the utmost difficulty, and by the 
expenditure of extraordinary patience, that a 

certain type of voice can be recorded at all* 
This is one of the mysteries, of mysteries, which 
readily explains why there is, as yet, no tech¬ 
nique in recording. In nine cases out of ten 
the results achieved are haphazard and acciden¬ 
tal, although experience and close observation 
assist very materially in securing conditions as 

favourable as possible* 
When a few bars of a song have been sung 

by the artiste into the recording horn, it will be 
necessary to reproduce the same in order to 
iudge the result reached. For this purpose a 
feather-weight reproducer, with a very sensitn e 

i< 
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diaphragm, and having a swivelled side mo¬ 
tion, must be employed, which should be 
attached to the recording trunnion, and brought 
over to the commencement of the track, so that 
it can be carried by the feed screw over the 
whole area of the recorded section. The result 
will be comparatively feeble in any case, but 
experience will soon teach what the result will 

be when the record is pressed in the hard com¬ 
position known to the public, and when a 
heavier and more firmly tensioned soundbox is 

requisitioned in its reproduction, aided by the 
conventional amplifying horn. It need scarcely 
be remarked that the passage of an ordinary 
soundbox, with a steel needle as a stylus, over 
the wax record, would not only completely 

destroy it by a single reproduction, but would 
at the same time render it extremely difficult to 
ascertain its value or otherwise, inasmuch as the 
destruction of the sinuous sound waves would 

take place coincident! y with the reproduction. 
Recording experts are obliged to be very- 

dexterous in the use of powerful magnifying 

glasses, as defective recording, as well as suc¬ 
cessful recording, can in a great measure be 
seen by a comparative study of sinuous mark¬ 

ings. Difficult as recording undoubtedly is,, 
requiring the utmost mechanical aptitude if 
scientifically approached, requiring in any cir¬ 

cumstances the observance of the greatest vigi¬ 
lance and judgment in acoustical phenomena; 
working comparatively in the dark by reason 
of inadequate demonstration of results from the 
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wax, yet it is true that the trained expert is 
able to estimate pretty accurately the final re¬ 

sult by the ordinary process of deduction. it 
sometimes happens, however, that the slightest 
miscalculation or oversight will make just the 
enormous difference in the final result between 
a brilliant piece of work and the most absolute 
failure. It is for this reason that the average 
cost of producing first-rate disc records is very 

13 If the recording operator is fully satisfied, 

after one or more tests, variously modified 
according to circumstances, he puts aside the 
test blank and takes a new one for the final 

effort. This last is made with all due regard 
to what has been discovered by the test, and 
when the record is completed, it is merely sub¬ 
jected to microscopic examination for mechani¬ 

cal faults, but is never reproduced so as to 
suffer the least mechanical injury by that 
operation. It is put carefully, aside, if found 

to be quite free of technical defects, ready to 
be handed over to the electrotyper, whose busi¬ 
ness it is to make a metallic negative of the 
record, from which duplicates can be pressed, 
the details of which processes will be explained 

in subsequent chapters. 
It will be found, when the recording of the 

blank is going on, that the wax removed by the 
cutting stylus will form as fine threads, and 
will have a tendency to cling about the stylus 
point. This shouldJ be avoided as far as pos¬ 
sible as it may clog the path between the uncut 
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portion of the blank and the stylus, and pre¬ 
vent a nice, clean engraving. It may be blown 

away gently by the breath, but foot-bellows are 
commonly employed to which is connected a 
length of flexible rubber tubing with a metallic 
nozzle at its terminal. The nozzle is then 
directed to the spot to be cleared as frequently 
as necessary. Others employ a small centri¬ 

fugal fan, with suitable conduits, one of which 

is attached just behind the recording stylus, the 
other leading to a box or other receptacle, and 
into which the shavings of wax are automatic¬ 
ally conveyed by the principle of suction. 

1 had occasion to mention, in the chapter 
dealing with the preparation of disc blanks, 

that it was sometimes the practice to drill a 
central recess on the underside of the blank to 

engage the recording machine turntable stud, 
instead of boring a hole completely through 
the blank. 1 he object of this is to leave the 

blank face intact, so that, before the blank is 
removed from the turntable after being re- 
coi ded, the exact centre of the record may 

easily be found by an adjustable stile and 

which may be transferred to the electrotype as 
a guide to the mechanic who is subsequently 
entrusted to true up the same, and to bore the 
usual central hole. It is highly desirable that 
this hole shall be quite central, or the record 
will not be constant in tone pitch, and the 
slightest eccentricity in its rotation will cause 

an otherwise excellent record to be unpleasantly 
reproduced. 
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In making disc records with the phonograph 

track, that is to say, with the undulatory as 
contradistinguished from the sinuous track, the 

former have every advantage in the way of 
testing results, inasmuch as a ball-head sapphire 

may be used in the reproducing, which engages 
with a track of broader dimensions; and which 
is U shaped in cross section, Such records may 
be tested far more perfectly by means of a 
light floating reproducer or sound-box, with a 
minimum of injury. Moreovers a greater volume 
of sound can be obtained from toe wax than 
can possibly be secured from the sinuous track 
in the wax. The strenuous tones with which 
we are familiar in connection with sinuous, or 
needle, discs are due almost entirely to the hard 
composition of which these discs are sub¬ 
sequently pressed, which offers extraordinary 
resistance to the sound-box stylus during repro¬ 
duction, and by which a correspondingly 
greater thrust is directed to the diaphragm- 
through the impetus of the sinuous wave¬ 
marking. j 

Tt is here convenient to make a few observa¬ 
tions upon the respective qualities or merits of 
“ needle M and “ phono-cut ” discs. Technically, 
the latter is superior to the former, principally 
for the reason that a smaller loss of the finer 
essentials of tone takes place, in that the recor¬ 
ding diaphragm is required to be closely in 
juxtaposition to the blank surface, the recording 
stylus, fixed directly to the diaphragm centre, 
alone intervening. Other things being equal. 
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this is, both theoretically and practically, an 
enormous advantage as compared with the 
necessary method of recording “ needle discs 
viz., by means of a lever motion, which invari- 

ably produces tone-reverberation as its essential 
characteristic, lhen again phono-cut discs are 
practically unwearable, and the reproducing 

stylus need not be repeatedly renewed as is 
necessary with £< needle " discs, winch is at least 
a desirable matter. And, notwithstanding the 
larger area of contact by the sphere-head stylus 
with the record, the surface noises coincident 
with such friction, is not more pronounced than 
that in connection with “needle” discs; but 
less so, as Mr. Edison’s latest examples of 
phonograph disc, reproduced with a polished 
diamond stylus, have clearly shown. 

It is difficult for the layman to form a correct 
conclusion upon the superiority or otherwise of 
these respective types of disc record, because, 

apart from the difference in the stylus motions 
in the recording, other conditions are seldom 
eqriai. If the recording diaphragm used by 

either system be not checked by methods em¬ 
ployed to connect the stylus therewith, the 
vibratory motions of both must necessarily be 
similar in character; and whether the wave- 

markings are undulatory or sinuous matters 
very httle. A side elevation view of the undu¬ 
latory track would present the same general 
features manifested by a plan view of the 

sinuous track. The important thing is to make 
exact comparisons between the respective marlo 
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mgs following from the same recorded sounds. 
In general, more force is required to be 
expended in agitating a needle-disc recording 
stylus, notwithstanding the decreased resist¬ 

ance of the blank—the track being small and 
of approximately even depth—than in agitating 

a phono-cut recording stylus, which is com¬ 
pelled to cleave, by varying degrees, into the 
body or substance of the blank. 1 his should 
be sufficient to show' which is the more sensitive 

means to the end in view. 
Reverting to the general modus operandi of 

recording, the foregoing should be borne in 
mind in selecting and mounting recording dia¬ 
phragms for use. Some discrimination must 
also be exercised in placing the performers in 
front of the recording horn. In order to record 
an artist by the £’ needle ” system with the same 
strength as may be reached by the lf phono-cut 
system, it will be necessary that he shall take 
up a position nearer to the recording horn and 
exert more vigour in his performance. In the 
recording of instrumental combinations* t he con - 
ditions are somewhat changed; for the very 
numbers which constitute such a combination 
have the effect of crowding each other out, and 
only a few of their number can ever be in close 
proximity to the horn. The intensity of all 
sound is proportional to and varies inversely 
as the square of the distance, and the majority 
of the performers are perforce out of focus and 
almost out of reach of the recording diaphragm. 
To obviate this difficulty the employment of 
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multiple lecording horns is sometimes resorted 
to, each of which converge to a common junc¬ 

tion. Greater differentiation in tone is thereby 
secured, but somewhat at the expense both of 
general volume and sharp definition. 

1 he principal points to attend to in sound 
recording are the correct distances which the 

performers should assume in order to secure the 
maximum of volume, tone, and definition com- 
Jined; and the angles of inclination which best 

ensure the unimpeded transmission of the sound 
waves "from their point of origin to the dia¬ 

phragm Like light, the angles of incidence 
and reflection are the same. The waves of 
directly reflected sound are almost equal in 
purity and power to those in Die line of direct 

propagation. But the waves of diffraction are 
retarded in their velocity, and are differentiated 
and weakened, so to speak. Tyndall points 
out in his Lectures on Sound how a sonorous 
wave ^ refracted by a deviation nf its direction. 

A large lens,” he says “ compels the solar 
lays that fall upon it to deviate irom their 
direct and parallel course, and to form a con¬ 

vergent cone behind it. This refraction of the 
luminous beam is a consequence of tue retarda¬ 
tion suffered by the light in passing through toe 
glass. Sound may be similarly refracted by 
causing it to pass through a lens which retards 
its motion. Such a lens is formed when a thin 
balloon, which yields readily to tne pulses 
striking against it, is filled with some gas 
heavier than air. A collodion, or a thin india- 
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rubber balloon, filled with carbonic acid gas, 

answers this purpose. A watch is hung up 
close to the lens, beyond which is placed the 
ear, assisted by a glass funnel. By moving 
the head about* a position is soon discovered 
in which the ticking is particularly loud 1 hij 
is the focus of the lens. If tne ear be moved 
from this focus, the intensity of the sound 
falls; if, when the ear is at the focus, the 
balloon be removed* the ticks are weakened ^ on 

replacing the balloon their force is restored* 
Recording experts know by experience* per¬ 

haps without knowing the reasons why* how 
sound is condensed by means of a cone to 
increase its intensity* By transmitting sounds 
through ei recording horn* which acts as a 
condenser, the whole impact of then normal 
intensity is concentrated or focussed upon the 
diaphragm centre, by which means alone the 
feeble character of sonorous motions is able to 
exert mechanical force sufficient to engrave the 
blank, which of itself orfers considerable resist¬ 

ance. 
Records which are blatant, harsh* and un¬ 

musical* are generally the result of a bad focal 
adjustment, although a too sensitive recording 
diaphragm for the work in hand may contribute 
to a like result. Accurate recording requires no 
straining after effects in intensity or volume* and 
the practice is unscientific. Correct focalisa- 
tion, however* is always of first importance, 
because this alone will nearly always correct 
what might otherwise be regarded as an utterly 

unsuitable diaphragm. 
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One of the principal reasons why instrumental 
combinations are recorded with such a relative 
disparity of volume as compared with the 

original sounds—unlike the experience with 

vocals.°r instrumental solos—is because of this 
acoustic dissipation. Not only, in general, is 
the total volume of an orchestral or band record 

divided by the number of performers in the 
combination, but most of the parts are invari¬ 
ably flat of tone. Only those instruments which 
are correctly in focus stand out sharp. 

- nc of the most difficult instruments to record 
effectively is the pianoforte. Here again we 
realise that the whole area of the sound-board 
cannot conveniently be brought into direct focus 
with the recording horn, so as to give full value 
to the complete registers. It is usual to direct 
the horn mouth obliquely to the back of the 

sound-board, in line with the key hammers, to 
secure the best average results. The hammers 
should be hard/1 that is, unpacked, to give the 
most staccato result possible, in order to obtain 
any degree of volume and tonal definition 

btrmged instruments of the piano and violin 
type are always more or less difficult to record 
on account of the small amplitude of their 
strings, as well as their small vibratory area. 

mi ,e^° and harP are m°re ponderous, 
the difficulty of recording the violin with natu¬ 
ral volume has been met by Mr. Strch, who has 

invented a special type of instrument, having a 
diaphragrn and amplifying horn. I do not 

see why a subsidiary apparatus could not be 
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attached to the pianoforte to accomplish similar 

results. Dr, Vincent (the well-known expert in 
pianoforte construction), has suggested to me 
the idea of a secondary sound-board to rein¬ 

force tonal strength, but I am inclined to 
favour a scheme of condensation from a simple 
sound-board, keeping in view the important 

matter of diaphragm focus. 
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CHAPTER IX. 

THE DUPLICATION OF RECORDS. 

In the early days of the original, or cylinder, 
talking machine records sold to the public were 

masters.’ A number of recording machines 
were set up in the recording room, and they 

were staited and stopped simultaneously by a 
simple switch, the actuating power being elec- 
ric. or vocal records, it was never found to 

be practicable to run more than three or four 
machines at a time, whereas no fewer than 

twenty might be engaged in recording bands. 
rNeedless to say, this method was both precar-- 

lous and expensive, and it soon made way for 
the duplicating machine, which traced copies 

rrom an origmal 1 he American Grapbophone 
Co were apparently the first to introduce this 

?nnf£d’ l8?6A (See Johnson’s patent, 
10,066, of 1896.) Bettini and Edison followed 

with new types soon afterwards, while Petit 
took out a patent about the year 1900 for a 
machine of entirely different construction A 
cross section view of Edison’s duplicator is 
shown in big. 25, and showing the process of 

producing “Concert” cylinders from “Stan- 

dard masters. The principle of operation is 
as follows: A compound lever, designed to 
compensate for irregularities in revolving the 
two cylinders simultaneously, is attached to an 
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ordinary travelling carrier-arm, which runs on 

a slide rod by means of a sleeve, actuated by a 
feed device, and at the extremity of one lever 
arm is fastened a reproducing ball-sapphire, 
while at that of the other is similarly mounted 
a cutting, or recording, sapphire. The styli are 
kept snugly in contact with the cylinder sur¬ 

faces by means of light tensioning springs, or 
by small weights, as desired. When the cylin¬ 
ders are revolved—being coupled up by belt 
and pulleys—the reproducing ball follows the 
undulations of the original record, and in turn 
operates the recording stylus, which is in con¬ 
tact with the blank cylinder, thereby engraving 
similar undulations upon its surface. It is 
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usual to rotate the cylinders in duplicating at 
a much slower rate than that commonly re¬ 
sorted to in recording, for the purpose of 
effecting a cleaner tracing of the record. It will 

be understood that in duplicating, the question 
of speed, or rotation, has no effect whatever on 
the pitch of sounds. 

The Johnson duplicator was similarly con¬ 
structed, except as to unimportant details, the 

chief point being that the cylinders were paral¬ 
lel, while Edison’s were mounted one above the 

other* The Petit duplicator assumed a third 
form, as the cylinders were in line. A plan 
view is shown by Fig. 26, with an enlarged 

elevation sketch of the tracking device at the 

bottom right hand. In principle, the whole 
thing is analogous to the pantograph, used 
largely in drawing, or rather, in tracing en¬ 
largements. 

THE DUPE! CA t ION OF RECORDS. 141 

The process of duplication by the foregoing 

means was confined entirely to cylinder records. 
No satisfactory analogous means were found 

to duplicate discs. The electrotype was ori¬ 
ginally employed in the duplication of discs, 
and it was not until about the year 1900 that 
the electrotype was applied to the cylinder. 

The duplication of records from the cylinder 
to the disc form, however, has been practised, 
but never with technical success. Both phono- 
discs and needle-discs have been copied from 
phonograph cylinders in this way, but when 
electrotypes of the records so made have been 
employed to press duplicates m the usual wav, 
it has ever been found that in the process ot 

tracing, the fine essential overtones, which give 
to vocal and instrumental sounds their chief 
charm, have been almost completely lost, leav¬ 
ing nothing but the coarser sonorous outline. 

In making comparisons, I have found that 
** needle” discs, duplicated from phonograph 
cylinders—although never equal to the original 
cylinders in correct timbre find fine definition 
—are almost equal to originally recorded 
** needle31 discs, and therefore there are excel¬ 
lent reasons for resorting to such a round-about 
expedient in their production. But this is only 

because the 1£ needle M system of recording 
direct is mechanically crude, and must remain 
so, since a lever system is necessarily interposed 
between the recording diaphragm and the 
blank, which is responsible for the same amount 
of vibratory loss as wTith the duplicating 
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machine. I he advantage which this system has 
over the direct recording of the "needle" disc, 
however, lies in the greater facilities known to 

all expert recorders to make a perfect "mas¬ 
ter in the large cylinder form, and in repro¬ 
ducing it with full volume without appreciable 
injury. It means so much less working in the 

dark, so to speak, as in recording needle discs,, 
which can never be effectively reproduced from 
the wax Again, the duplication of " mother M 
matrices may be dispensed with, which is a 
certain gain in time and money, as well as in 

the subsequent tone of the record. The ex¬ 
planation of the "mother" matrix will be given 
in a subsequent chapter. 

The type of machine designed to effect this 
duplication is provided with means to accom¬ 
modate the cylinder master-record, with a 
transverse motion to a carrier arm operated by 
a feed device, attached to which is a compound 
lever motion of rectangular design, the track- 
ing stylus being swivelled for easy adjustment 
II the original cylinder has been recorded at a 
rotation speed of 160 turns to the minute, and 
it is desired that the disc shall rotate al half 
that speed, in conformity with the average disc 
practice, gearing must be employed to effect 

this dual motioa The next consideration is, 
that as the disc is rotating at half the rate of 
cylinder speed, measures must be taken to give 

the disc turntable, situated beneath the cylin- 
der a traverse motion also, quite indepen¬ 
dently of that actuating the carrier-arm of the 
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cylinder. This can be varied to suit the re¬ 
quirements of space available on the disc. If 
we assume that the length of recorded matter 

upon the cylinder measures six inches length¬ 
wise, and the space available on the disc being 
only three inches across the grooves, then, 

obviously, means of displacement must be pro¬ 
vided since, otherwise, the duplicating lever 

cannot occupy two different, places at the same 
time. The cylinder and disc feeds may be 
the same, although operating independently, 
and the disc, revolving at half the rate ot 
the cylinder, relatively slowrs down the traverse 
movement of the former so that its progressive 
displacement is proportional to the distance 

required to keep the duplicating lever parallel. 

The difficulty about duplicating is that the 
least variation in the set of the lever—the kind 

of job to be assigned to a very skilled 
mechanician—will affect the character of the 

copy and make it somewhat hazardous to en¬ 
sure two copies from the same original being 

alike. This was a very serious obstacle in the 
days of cylinder duplication, and before the 
moulding process was introduced. Also the 
continuous use of the master record for the pur¬ 
pose of making copies subjected it to much 
wear, reducing its original sharpness and other 
qualities. The adoption of the electrotype for 
the moulding process effectually superseded 
the mechanical duplicator, and enabled any 
number of duplicates to be secured from an 
original by cheaper means, and with the added 
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advantage of their being exactly alike in all 
essential particulars* Greater care and expense 
could henceforth be bestowed on the produc¬ 
tion of the M master” record itself, and a great 
improvement was soon marked in the quality 
of records manufactured by this method. The 
cost of production was reduced considerably, 
and there were fewer elements of possible 
failure, technically. By the former process, the 
blank upon which the record was to be copied 
was required to be faultlessly moulded and 
shaved- The latter process involved only the 
moulding without the shaving, and enabled 
harder compositions to*be used, which increased 
strength of tone, as well as giving greater dura¬ 
bility to the records than the softer recording 
or duplicating blanks could reasonably be ex¬ 
pected to provide. 
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CHAPTER X. 

THE PRODUCTION OF MATRICES* 

A large number of treatises have been written 
by qualified writers on the electro-deposition of 
metals in general that there is no occasion to 
enter into a chemico-metallurgical description 
of the art and its various processes in these 
pages. 1 o the student who wishes to make 
himself capable in this branch of the talking 
machine art, I recommend a close reading of 
the text-books, or, better still, the opportunities 
afforded in the classes which are set apart for 
instruction and practice in the several Poly¬ 
technic institutions which have grown up dur^ 
ing the last few years. Much may be learned 
from books, nevertheless, and both courses 
may be embraced with profrt by those who 
seek the fullest comprehension of this inter¬ 
esting and useful work. There are many 
things to know, however, which are not to be 
learned from the text-books or classes, and 
which have come only from experience, in the 
efforts to perfect the comparatively recent talk¬ 
ing-machine record. These things are known 
only to the comparatively few experts who 
have made this particular work their close 
study, with opportunities for scientific experi¬ 
ment These things I shall deal with at some 
length. 

K 
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The art of electro-metallurgy rests upon the 
fact that an electrical current tends to decom¬ 
pose a metallic solution into its constituent ele¬ 

ments, and throws the metal element upon any 
surface prepared with a conducting surface to 
receive it Electro-plating and electrotyping 
are different in that the former, the metal de¬ 
posited is amalgamated with the substance of 
the surface so treated, whereas the latter is 
treated In order that the conducting agent, and 
with it, the deposited metal, may be easily 
separated. The latter process enables the copy¬ 
ing of almost any substance, if superficially 
treated by metallic, or conducting agents. It is 
the process by which it is possible to secure a 
metallic obverse, or negative, from a wax or 
similar record The art dates only from the 
early part of the present century, and was first 
practised bv printers, in the duplication of 
types and blocks. It is employed very exten¬ 
sively in many departments of art. 

Several sources of electrical energy are avail¬ 
able for electrotyping. Firstly, there is the 

simple cell, of which Professor Daniel’s is the 
most simple. Secondly, there is the accumulator, 
which may be charged by the current of one or 

more simple cells, or by that generated with a 

dynamo. Thirdly, the dynamo itself, by far 
the most rapid, cheap, and infinitely more 
economical and efficient in every way to the 
other and older systems, Indeed, it is difficult 
to know liow the record matrix could be satis- 
factorily or commercially produced at all with- 
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out the aid of the modern dynamo and recipro¬ 
cating devices. Jt is possible, however, to do 
without it, and I have made these matrices in 
an experimental way by all the methods 
referred to. But the dynamo is the thing. (See 

Fig- 27.) 
The principle of the dynamo depends upon 

its ability to transform mechanical energy into 

electrical energy. It therefore requires to be 
driven by a motor of some kind, and it mat¬ 

ters not what type of motor is selected for the 
purpose so long as its horse-power is at least 
equal to the work imposed on it by the capa¬ 

city of the dynamo and subsidiary resistances. 
Electrotyping requires a relatively low pressure, 
rarely exceeding 5 volts, while the maximum 

current which the dynamo is capable of gener¬ 
ating or delivering at its normal speed of arma¬ 
ture rotation must always be proportional to 



143 THE REPRODUCTION OF SOUND. 

the superficial area of the work to be covered 
1 he resistance of a dynamo may be measured 
by a multiplication of its voltage and ampere 
capacity, which gives the number of watts. 
Thus, it is customary to designate a dynamo as 

having a capacity of so many “watts.” For 
example, a dynamo yielding 5 volts of pressure 
and 75 amperes of current is called a dynamo 
of 375 watts capacity. Conversely, a dynamo 
of 75 volt capacity and 5 amperes is the same 
thing. Now, one horse-power is the equivalent 
of 746 watts, and a dynamo of 5 volt capacity 
at 75 amperes—sufficient for the deposition of, 

say, two standard cylinder matrices at one 
time—-will take about i h.p. to drive it, with 
out reserve for the incidental resistances, shaft¬ 
ing, etc A one h.p- motor, therefore, is the 
minimum of motor capacity to operate such a 

■dynamo effectually. 
The dynamo is usually driven by means of 

an electric motor, although there are self-con¬ 
tained motor-generators which are connected in 

the shaft by couplings, thereby dispensing with 

additional shafts, pulleys, and belts. These 
are rather expensive, however, and are only to 

be found in first-class establishments. 
A volt and ampere meter, as well as a resis¬ 

tance board, are necessary to be interposed in 

the circuit from the dynamo to the bath, the 
latter for regulating the current as required, 
and the former for indicating the current 
actually passing. The bath itself may be made 
of glazed earthenware, or may be constructed, 
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if required for a large amount of work* in 
wood, lined with sheet lead. The joints of the 
lead lining should never be soldered, but 

should be fused in the well-known way. Such 
baths are supplied by all the principal makers. 

In dealing with this branch of the record 
work, it is desirable to point out the several 
“secret1* methods so successfully carried out 

by expert operators, and which are not referred 
to in any of the standard books upon the sub- 
ject, and indeed which are very closely guarded 

by the operators themselves, who have 
gradually evolved these methods in the work 
of securing the finest surfaces attainable by 

the electrotyping process. The ordinary 
methods in use by the electrotyper for printing 
purposes would be quite inadequate for the 
production of record surfaces- In surfaces for 
printing, no great care need he taken to obtain 

a faultlessly smooth surface, as the ink and 
pressure which are applied to such surfaces 
overcome all ordinary shortcomings in that 
respect. But the record matrix surface must be 
the very finest which the most scientific pro- 

cesses and the combined skill of the workman 
are able to effect, inasmuch as the smallest pin¬ 
hole or abrasion, however microscopic, will be 

greatly magnified by the reproducing apparatus 
after the record has been moulded from it. 
It may be truthfully said that the record matrix 

maker begins where the ordinary electrotyper 
leaves off. He is required to be expert in his 
work to the highest degree, and few of such 
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craftsmen are to be found, comparatively speak¬ 

ing- . r 
ITie depositing solution consists or a satur¬ 

ated solution of blue vitriol, or sulphate of 
copper. The crystals are best dissolved in dis¬ 

tilled water, but before the solution is conveyed 
to the bath, it should be strained. A sheet of 
unbleached cotton fabric will effect this as well 
as anything. One quart of water and 40Z. of 
the best sulphuric acid must then be added to 
each gallon of the above saturated solution and 
thoroughly stirred, in order to render it uni¬ 
formly acid. Anodes of pure copper should 

only be employed, which have been made by 
the electrolytic process itself, and which are 
therefore free of impurities- Electrolytic copper 
deposits give a much finer surface than ordin¬ 
ary commercial copper sheet. For cylindrical 
records, the anodes are made cylindrical, to 

encircle the record, that is to say, a sheet is 
rolled as a tube, leaving the edges unjoined, 
which does not in the least matter. For the 
ordinary standard cylinder records of about 
two inches in diameter and four inches in 
length, the anodes should be about six inches 
in length and in diameter. These are now' sup- 
plied by trade houses, about a quarter of an 
inch in thickness. A couple of holes drilled 
opposite each other at one end of the anode 
will serve as a means of slinging it, or suspend¬ 
ing it, in the bath by a length of stout copper 
wire, the latter forming a path of the circuit 

It is a well-recognised principle that the 
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greater bulk of solution favours the more regu- 
line character of the deposit* Nothing will be 
saved, therefore, in the employment of baths 
which are small. The superority of a large 

volume of solution is due to the simple circum¬ 
stance that it takes longer to 
impoverish. It may rightfully 

be inferred from this that a 
small bath may be success¬ 

fully employed, provided 
means are resorted to for a 
constant renewal or addition 
of fresh solution to be made* 
In all cases, the solution 
should be constantly stirred, 
as it will naturally tend to 
become more dense at the 
bottom of the bath and poor 
in the upper strata. Apart 

from the need to continually 
diffuse the solution by 
mechanical means, a scheme 
has been devised to give an 
even character to the deposit, 

as to accelerate the rate of 

which consists in rapidly rotat- 
cathode (the record) in a fixed 
inside the radius of the anode. 

Fig. 29. 
A Record Holder. 

as well 
deposit, 

ing the 
position 

A small pulley is attached to the spindle of 
the record holder, which may be actuated by 
means of a belt or cord from the shafting of 
the motor which drives the dynamo. The 
speed of rotation must be governed by the 
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current tension passing through the bath, as its 
resistance is largely proportional to its velocity 
of motion. An illustration of the type of record 
holder in use is shown in Fig. 29. It is con¬ 

structed of insulating material, such as vul¬ 
canite, with soft rubber pad rings attached 
to the inner side of the clamping discs, to grip 
the more or less delicate wax record without 
fracturing it. A metal stem is fixed in the 
main vulcanite spindle, to be used as a con¬ 
ductor of the current, to which a length of 
very fine copper wire may be attached and car¬ 

ried down to the record edge, being wound 
around the upper extremity of the record, to 
make a metallic connection to the face of the 
record itself, which has been previously ren¬ 

dered conductive by graphite. 
It will be understood that the wax composi¬ 

tion of which the record is made is, like the 
vulcanite holder, a non-conductor of electricity* 
It becomes imperative, therefore, to metalise 
the record surface, and tfie usual way to do 
this is to lightly brush very fine graphite over 
the same, with a camel hair brush, until the 
whole is properly covered, when the superfluous 

graphite must be absolutely removed* Par¬ 
ticular attention should be paid to bring the 
fine copper wire coil in intimate contact with 
the graphite film* When about to immerse the 
record in the bath, by means of its holder, it 
is very advisable to dip the same into, or other¬ 
wise cover the graph ited surface with, spirits 
of wine, in order to prevent the formation of air 
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bubbles on or near its surface when bringing it 

into the solution, and which otherwise might 

x productive of small holes or depressions in 
the matrix face. 

There are several other methods of metalising 
wax surfaces, but by far the most perfect is 
that devised by Mr. Edison and known as the 

vacuum process. The record is rapidly rotated 
in a vacuum jar, between gold wire or strip 

anodes, and by means of high-tension current, 
the gold is literally vaporised and deposited 
as a fluid film. The old idea that metals arc 
essentially deposited in grains no longer holds 

good. This method ensures the most perfect 

matrix surface possible, and saves the necessity 
of gilding the matrix, which is usually done 
when the copper is deposited first by means of 
a graphite coating, for the purpose of protect¬ 
ing- the copper from the effects of oxidation and 
other corrosive elements in the heated wax dur- 
ing the moulding. 

Solutions of various metallic salts, such as 
chloride of gold, and of platinum, or silver 
nitrate, have been employed to metallize record 
surfaces without much success. Nearly equal 
to the volatilized gold process is that by which 
such surfaces are treated with a preparation of 
the very finest Dixon graphite (98 per cent, 
pure carbon), which retails at something like 
40s. per lb. A small quantity of this goes a 
very long way, and the cheaper qualities are not 

to be compared with this. It is beautifully soft 
anc iighly conductive, and it mav be greatly 
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improved in the latter respect by gilding or 
silvering before use. To gild the graphite 
grains, dissolve in a bottle, I part of gold 
chloride in 100 parts of sulphuric ether. Mix 
well, by shaking the bottle, the addition of 50 
parts of the graphite. Expose the mixture to 
sunlight, with occasional stirring, until no 
trace of the ether is left. If it is desired to 
silver the graphite, instead of gilding, dissolve 
3 ozs. of crystallised silver nitrate in 3 pints of 
distilled water; mix this solution with 2 lbs. 
graphite, or follow equivalent proportions- Dry 
in a porcelain vessel and calcine at a red heat 
in a closed crucible. When the mixture is quite 
cool, it should be carefully pounded and 
strained through a tine gauze. The conducting 
power of this preparation is better than the pre- 
viotis one, but the gilding is less troublesome 
and is recommended for preference. 

Either of these preparations are applied with 
a soft camel or sable brush, just as ordinary 
plumbago is applied. It is, rather the care and 
the skilful manner in which either of the pre¬ 
parations are applied to the delicate wax sur¬ 
face than anything else which ensures the 
highest technical results. It is customary to 

support the record holder, with the record 
placed in position, between centres, and slowly 
revolve the same during the application of the 
graphite. The least possible quantity must be 
used with the least possible pressure. So long 
as the entire surface is actually covered, that 
is all that is necessary. The record must then 
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be finally dusted, when the operation is com¬ 
pleted, to rid its surface of any superfluous or 
loose particles of the graphite, which, if remain¬ 

ing in the sound-wave grooves, will give rise to 
corresponding depressions m the matrix face, 
and so distort the tonal purity of the record 

moulded therefrom. It may also with advantage 
be brushed over a number of times for the pur¬ 
pose of polishing the surface, this ensuring a 
cleaner and brighter deposit. But this must be 
very carefully done, in order not to bruise the 

delicate impressions in the wax beneath it. The 

record and holder should then be removed 

from its temporary supports and carefully 
flushed with alcohol. Care should be taken 

that the entire surface is covered, and the 

object of this is to prevent air-bubbles attach¬ 
ing themselves to the record when it is im¬ 
mersed in the depositing bath. 

1 he metal stem of the record holder should 
now be fastened in the neck of the pulley 

spmdlc on the framework above the bath and 
damped firmly by means of a set screw. If the 
bore of the pulley spindle is sufficiently exten¬ 
sive, the holder may be raised or lowered as 
desired to maintain the record in the correct 
position in the bath, which should be on a level 
with the anode, and, of course, inside of it. 

Assuming that the connections from the 
dynamo to the bath have been properly made, 
with the right strand of cable to withstand or 
carry the current, the motor may be started and 

the record revolved by means of a pulley and 
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cord from the main shafting. The rate of rota¬ 

tion, 1 have found by experiment, should be 
somewhat proportional to the current pressure— 

the greater the pressure the higher the rotating 
speed, up to certain limits* I have found three 
to four hundred revolutions per minute to be 

quite practical for rapid work. The switch of 
the dynamo may be regulated to permit of not 
more than 2 or 3 amperes of current passing into 

the bath for each record of the standard dimen¬ 

sions for some little time, until a thin coating 
all over the surface has taken place* If the in¬ 
ternal resistance of the bath is considerable, the 
amperage should be increased to overcome it* 

The weaker the current the finer will be the 

grain, or character, of the deposit. It is neces¬ 
sary that the preliminary coating, which ulti¬ 
mately forms the mould, shall be as smooth as 

it is possible to get it; but when this condition 
is once secured, a more rapid deposition may 

take place; and a current of SO amperes at a 
5-voIt pressure will not be too great, although 

this is advisable to be gradually applied. The 
deposited metal will be coarser and nodular in 
structure on the exterior, but this is of small con¬ 

sequence, inasmuch as it can easily be turned 
down m the lathe when it has grown to the 

required thickness for use, which is about one- 
sixteenth of an inch, in general practice. 

If the question of time is not of great import¬ 
ance in the deposition, a low current may be 

employed throughout, for this unquestionably 
yields a superior atomic organisation of the 



im the reproduction of sound. 

metal, giving it greater tensility as well as a 
finer texture. But good pressure is a great 

secret to obtain this result. I have made matrices 
by this slower method which have shown on 
their exterior of the ordinary thickness, every 

wave undulation of the records nearly as defi¬ 
nitely as upon the record itself. 

21 

Fig. 30. 

When a film of gold has been deposited upon 
tile record by the vacuum process, it will be 

necessary to exclude it from the air in a sealed 
tm case, or other receptacle, in which a mandril, 

covered with velvet strips or felt pads, is fixed 
centrally at the bottom, if the backing up, or 
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electrotyping operation, is delayed for any 
length of time. The precaution of flushing the 

gold film with alcohol should not be neglected, 

to obviate the presence of air-bubbles between 
the two metals. Gold and copper have a won¬ 
derful electrical affinity for each other, and so 

no additional treatment of the gold surface 
will be necessary. The coppering process here, 
to be precise, is not electrotyping at all, but 

electro-plating. The gold is plated with the 

copper merely for strength and for economy. 
A general description of the Edison applica¬ 

tion of the gold-depositing process in vacuo is 
set out in the British patent specification, num¬ 

bered 13,693, of 1900. The construction of the 

apparatus is shown in Fig. 30. A base (x) 
carries a vacuum chamber (2) in the form of a 

bell; (3) is a pipe for exhausting the air from 
the bell by the aid of a suitable pump, not here 
shown, and (4) is a valve to maintain the 
vacuum when obtained ; (5, 5) are two insulated 

supports, held by vulcanite bushings (6). In 
both of these supports a conductor (7) is placed 
with a hooked extension at (8). In operation, 

strips of gold are suspended from these hooks, 
which constitute the electrode (9); (xo) is a 
support situated between the electrodes and 

carrying a rotatable head (ix); (12) represents 

the record to be covered, which is held 10 posi¬ 
tion on the head (lx) from its tapered exterior; 

(13) is an armiture connected to the head (ix), 
and (14) a horseshoe magnet mounted outside 
the bell and serving to attract the armature; 
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('5, 16, 17, and 18) show the accessory connec- 

t'^he arm, shaft, bearing, and pulley— 
which latter is rotated by any suitable source of 

Etc. 31. 

power; (jg) represents a large induction coil, 
the secondary wires of which are carried to the 

conductors (7), while the primary conductor is 
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included in a circuit (20), with a vibrator (21) 

and a source of current (22). 
The cost of this appliance is very consider¬ 

able, the intensity coil consuming the larger 

part of the expense. Even a good vacuum pump 
cannot be procured for less than £5, some types 

costing very much more. Fig. 31 shows a type 
of pump manufactured by the Pulsometer Co.* 

of Reading, 
The bell is required to be of good quality to 

antagonise the possibility of explosion by the 

impact of the outer atmospheric pressure. The 

process of operation is as follows : The record 
is placed in position on the rotatable head, as 

shown in the figure, and the bell is then firmly 
placed in position over it. A vacuum is created 
in the bell—that is, as high a vacuum as can be 
obtained—by the pump, which extracts and dis- 
charges the air from the bell The motion is 
started and the record is rotated. The current 
is next switched on, and so regulated as to pro¬ 
duce a silent or brush discharge of high ten¬ 

sion, which passes between the two electrodes* 
encountering the rotating record in its path and 

leaving the vaporised particles of the gold upon 
its surface. Great care is required in the work 

on account of the heat generated (not being a 
perfect vacuum), and it is sometimes necessary 

to perform the complete operation at intervals. 

Cooling devices are sometimes employed, but 
Mr. Edison makes no mention of their necessity* 

When the record is completed* and is subse¬ 
quently covered with a copper deposit of about 

l 
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one-sixteenth of an inch in thickness, as pre¬ 
viously mentioned, it should be taken from the 
bath and thoroughly washed in clean water to 

free the deposit from salts. After removal from 
the holder, the matrix should be mounted, to¬ 

gether with the wax record within it, on a short 

mandril between the centres of a lathe, and 
with a dividing too] should be cut and trimmed 

clean at the extremities. When this is per¬ 
formed, the record may be released by the as¬ 
sistance of any cooling process, when it will 

shrink away from the matrix; or, as an alterna¬ 

tive, it may be dissolved out by heat in an iron 
saucepan over a jet. In the latter case, it will be 
necessary to clean the interior surface of the 

matrix with a little paraffin oil applied by a 
tuft of soft cotton wool, ultimately finishing the 
process with a new and perfectly clean pad of 

cotton wool moistened with benzine. The 
matrix is then ready for internal polishing, 
d his will not require to be done, of course, when 
the record has been gilt by the Edison method, 

but when the record has been directly ” typed M 
with copper, it will be necessary to do so, pre¬ 
paratory to gilding it, to prevent oxidation or 
other corrosion. The polishing is done by in¬ 

serting the outer surface of the matrix between 
extended jaws of a lathe chuck and revolved at 

high speed, while a long hog-hair brush, occa¬ 
sionally dipped into a mixture of fine jeweller's 
rouge or fine metal polish and paraffin oil, is 
held very lightly and carefully against and 
passed over the matrix lengthwise. Some matrix 
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makers prefer to attach a circular brush, sup¬ 
ported by a spindle, to the lathe head, and hold 

the matrix in the hand to carry out the polish¬ 
ing operation, but this practice should be dis¬ 
countenanced as involving more risk of injury 

and irregular treatment. A very little common- 

sense will make it quite obvious that the whole 
of the matrix surface could not be uniformly 

polished in such a manner. 
When, after microscopic inspection, it is as¬ 

certained that sufficient friction has been ap¬ 

plied to the surface to render it quite smooth 
without sensible interference with the vibratory 

undulations of the record, it is then ready for 
finishing. This is done by again putting the 
matrix into the lathe chuck as before, and by 
means of a soft cotton mop with a diameter 
about equal to the interior of the matrix, press- 
ing it against the surface in conjunction with 
such a medium as dry Sheffield lime, or gilder's 
whiting. After this treatment, the matrix is 

ready for gilding, ’ 
Only a very fine film of gold is permissible 

or necessary, which may be deposited in a few 
minutes, after the usual preparations. The 
matrix must first be immersed in a solution of 
caustic soda, and this is best done in an 
enamelled iron vessel. The soda solution may 
contain i lb. of caustic soda' to the gallon of 
water. T he solution should then be raised to 
boiling point and the matrix covered by it for 
about ten minutes. It must then be thoroughly 
rinced in clean water. Following this, it may 
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be dipped in a solution of potassium cyanide, 
I oz.; red oxide of mercury, £ oz. ; and water, 

40 ozs. It should remain in this solution until 
a silvery appearance takes the place of the 
copper, when it should be again rinsed in boih 
ing water. It is now ready for the gilding solu¬ 

tion. To prepare this, dissolve loz. of potas¬ 
sium cyanide in 24 ozs. of warm water, and 
place it over a gas jet until its temperature is 

maintained at 120 degrees Fahrenheit If this 
is prepared in a glazed earthenware jar suffi¬ 
ciently large to conveniently form a bath for 
the matrix, holding, say, half a gallon or more 
of the solution, the matrix may be hung therein 
by means of a piece of copper wire looped 
around its upper extremity, and which may 
constitute one of the conducting wires in the 
circuit A very thin platinum wire should be 
used in ike solution for supporting the anode, 
which can be joined to copper wire outside the 
solution. The anode must be gold, and a 
small sheet, or bar, weighing, say, half an 

ounce, or even less, will present sufficient sur¬ 
face, and may be raised and lowered by the 
hand inside the matrix, to bring the anode in 
something like equal juxtaposition along its 
entire surface; or a rod of gold, equal in length 
to that of the matrix, may be supported quite 
stationary in the centre thereof. It is not neces¬ 
sary, however, for the gold anode to be large. 
A current of J ampere, or less than I ampere, 
is generally sufficient to deposit a fine layer in 
a very short time. Other things being equal, 
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the quantity of current entering the bath should 
be proportional to the anode surface, so that 
the larger the anode and corresponding wires* 

the more rapid will be the rate of deposition. 
The anode wire is connected to the positive 

conducting wire and the matrix to the nega¬ 

tive, as in the copper bath. 

; Fig, 32, 

Mf-thod of Rotating Cylinders in Copper Bath* 

Many other variations of solution and 
arrangement may be made in the process of 
gilding. The operator will select the method 
which seems to him the best and most econo¬ 
mical By most of the known methods the 
gilcling of matrices is not a costly matter, as an 
anode possessing the requisite surface capa¬ 
city will not be readily dissolved away, and 
quite a number of matrices may be gilded with 
an anode of gold of the size and value of a 
sovereign. 
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Vim Horne recommends the following for- 
| £ I"! „ p O 

mula for bright gilding: 

Potassium Ferrocyanide... . 2 ozs. 
Carbonate Soda .. 2 ozs. 
Chloride of Gold „. 5 dwts. 
Water ................. 1 gal. 

The ingredients should be dissolved sepa¬ 
rately in portions of the water; the soda solu¬ 
tion should be added to the potassium so Kit ion 
and heated to the boiling point. Then the gold 

solution should be added and boiled for about 
15 minutes. After cooling, sufficient water 
should be added to make up for that lost by 
evaporation, when it should be filtered. A 
current of 3 to 4 volts may be used with this 
solution, which yields a fine bright colour on 
copper, and on most other metals. 

Pure chloride of gold contains 65 per cent 
of gold and 35 per cent, chlorine, from which 
we know that an ounce of chloride of gold con¬ 

tains 312 gold grains. The peculiarity of gold 
solutions is that good ones may be made with 
such variations as from 1 5 to 300 grains of gold 
to the quart, according as they are to be used 
hot or cold, or according to the source of the 
current, and according to the colour of the de¬ 
posit desired. In the gilding of matrices, the 
last-named consideration has no importance 
whatever. Better work is done with a hot than 
with a cold solution, and the work is more ex¬ 
peditiously done. 

I he proportion of cyanide in the solution 
also affects the colour of the deposit. It is also 
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related to the strength of current employed. 
A low pressure requires more free cyanide than 

a high one, as a rule, which tends to reduce 
the resistance of the bath. The metal, of 
course, performs the same office; and not 
merely the colour, but the character, of the de¬ 
posit will be modified if the correct propor¬ 
tions are not recognised. An excess of cyanide 
yields a pale and weaker texture, whereas an 
excess of metal produces a brown deposit, if 
the current is not managed with circumspec¬ 

tion. 
Hot solutions work well with a much smaller 

proportion of metal, 3D grains to the gallon 
producing good work. Cold baths, by com¬ 
parison, require three times the quantity. Eco¬ 
nomy, therefore, will always recommend the 
hot, as preferable to the cold, solution. Fur¬ 
ther, the deposit is finer-grained. But this solu¬ 
tion requires constant attention, as hot cyanide 
lias small effect on metals. A strong stock 
solution should always be on hand to replenish 
the bulk, A formula for this is : 

Chloride of gold .. — f pt- 
Cyanide . .. 1^ pts. 

Dissolve separately in distilled water, and 

mix the two together. 
Possibly no metal is so easy to deposit as 

gold, and no metal so likely to vary in its tex¬ 
ture and colour in the process. The chief causes 
conducive to such variation are: (1) the charac¬ 
ter of the depositing solution; (2) its tempera¬ 
ture; and (3) the strength of current used. The 
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potassium cyanide solution, with variations, is 
the most favoured solution in use, on account 
of the general satisfaction which it gives. 

When the matrix has received the him of 
gold as required, it should be well rinsed in 
clean, warm water, dried with finely-sifted box¬ 
wood sawdust, and subjected to Hie polishing 
and finishing treatment as described for the 
copper surface, but in a far lesser degree. If 
the deposit is fine, only the treatment with a 
soft buff and Sheffield lime will be necessary 

Separate brushes and buffs must, of course, be 
employed, and kept from accumulating dust, 
when not in use, in closed receptacles. If there 
is one word which means more than any other 
in tins branch of the art, it is cleanliness. No 
good work can possibly be done without a 

cnemical knowledge of what this word stands 
for. 

I he matrix is now ready for taking an im¬ 
pression in wax or celluloid, as required. The 

apparatus required to accomplish this will be 
described in a subsequent chapter, or chapters. 

The making of a disc matrix is next to be 
considered. The surface of the record will re¬ 
quire to be metallized in a similar manner 
to that described in connection with 
cylinders. Before this is done, a length 
of clean copper wire should be stretched 
around its edge, in the small groove 

which was cut in the wax blank at an earlier 
stage. The two ends of the wire should be 
carefully twisted to form a joint and their 
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superfluous lengths may be formed into a loop, 
or hook, for the purpose of slinging the record 
in the bath. Perhaps a more up-to-date method 
to effect this with a minimum of preparation is 
the use of vulcanite clamp holders, the grips 
cushioned with soft rubber, and by means of 
which the record may be placed in or taken 
out very quickly. 1 his, however, is rather a 
matter of detail than of principle. 1 he same 
solution should be used, but the bath must be 
of sufficient depth so that the record is tho¬ 
roughly immersed and yet is not in contact 
with any part of the bath itself. 1 he anode 
should be stout electrolytic copper, in plate 
form, and somewhat larger in superficial area 

than the record to be covered; and this must 
be slung similarly in the bath, by means of a 
similar support, and arranged to face the re¬ 
corded surface of the wax disc at a distance of 

2 or s inches, according to the current em¬ 
ployed Much of the foregoing information in 
relation to cylinder deposition will be equally 
pertinent as to discs. The only important 
point of difference consists in the means for 
agitating the solution and ensuring a reguline 

deposit. 
Obviously, the disc cannot be rotated with 

the same ease and simplicity as the cylinder, 
on account of its different form. Other means, 
therefore, must be resorted to, in order to ac¬ 
complish the same result. Of these means 
there are a variety in practice, each supposed 
by their respective operators to be superior to 
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the other, whereas there is little difference in 
results, A cam arrangement, worked with 
Power, is sometimes used to sway the anode to 
and fro, which is a simple, if not the best 

Fig. 33. 

I un Combination Agitating System for Discs. 

device. Sometimes, too, a small paddle-wheel, 
or screw, arrangement, is rapidly revolved from 
an extended shaft, well down in the body of 
the solution, and as near to the record as pTu¬ 

rn the production of matrices. 

deuce will allow it to be placed without disas¬ 
trous effects upon its fragility. There is 

also the “ Growler,” as known in the trade—a 
form of centrifugal pump, operated by power, 
to keep the solution in constant movement. 

Fig. 3T The Benson-Leaver Agitating System. 

This is very effective for fine surface 

depositing. 
The Benson-Leavcr system is still another 

scheme to reach the same result by air pres¬ 
sure. Not only are better surfaces obtained by 
the use of these devices, but the rate of deposit 
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can be accelerated greatly, and greater pres¬ 
sure can be employed. In addition to these ad¬ 
vantages, the deposit is more close and tough, 
and its tensility is far higher than otherwise. 
It is claimed that the Benson-Leaver system 
enables a much higher current density to be 
used than with any other system, yielding 
cleaner, smoother, and denser deposits of metal. 

The apparatus is both small and light, and is 
not expensive as an attachment to a bath. It 
is furnished with a small motor, which can be 
run from the depositing circuit, if required. 
The parts which project into the solution are 
made of celluloid or vulcanite, and where 
made of metal are heavily coated with lead. 
Fig. 34 shows the scheme attached to the bath. 

I he operation of the attachment consists in 
the continuous pumping of the solution, ver¬ 
tically and horizontally, and so hastening its 
diffusion. 

for rapid deposition, a process of diffusing 
the solution is quite indispensable, because the 
current, being strong, very quickly impoverishes 
it near the cathode; and this results in a very 
poor quality of metal at that point where the 
highest quality is required. At length, there 
is insufficient metal in that quarter of the bath 
to carry the current, and, as a consequence, the 
current soon begins to decompose the water of 
the solution when the evolution of hydrogen 

causes nodules to be formed on the cathode 
(record) surface, in the retarded normal depo¬ 
sition. 
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With regard to the source of current itself, 
I have mentioned that the dynamo is the best 
available substitute for the cell or the battery. 
It is superior in every way on the score of 
constancy. Yet I must not omit to point out 
that even the dynamo is not a perfect source of 
constant current, and few dynamos yield their 
estimated maximum current output continu¬ 
ously. By far the most perfect method is to 
employ accumulators in connection with a 
charging dynamo. 1 he accumulators, if kept 
in good condition, will invariably deliver a 
larger maximum current of stable value. I 
have stated, also, that a lowr-pressure dynamo, 
or other source of current, yielding only about 
5 volts, is all that is required in the deposition 
of the cylinder matrix, but this is to be quali¬ 
fied somewhat in considering discs. When 
waste of current is less important than a super¬ 
fine surface (which is worthy of consideration 
in the making either of disc or cylinder 
matrices), a dynamo of far higher capacity may 
be employed with advantage. A surface of 
much greater smoothness is obtained from a 
high-tension current than from a low one, when, 
by interposing resistance, the former is cut 
down to the same pressure as that of the latter, 
without such resistance. 

1 he specific gravity of the solution should 
frequently be ascertained, and its quality main* 
tamed when much work is in progress, prior to 
which the solution should be briskly stirred 
with a glass rod, or a strip of plate glass. The 
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gravity should register about 21 (Raurne) for 
good, all-round results. The top of the solu¬ 
tion should also be skimmed every morning 
before use to clear away any floating particles 
of dust or foreign substances, which may 
readily contaminate it. The positive pole of 
the dynamo, or lead, should be connected up to 
the anode and the negative to the cathode, by 
means of stout copper wire. When the record 
is placed in position, and the agitation of the 
solution has begun, a very few amperes of 
current should be switched on until the sur¬ 
face is quite covered, after which a fuller 
current may be passed, when the deposition will 
proceed more rapidly. When the matrix has 
grown to about one-sixteenth of an inch, or 
less, in thickness, taking several hours to do 
this, the current may be cut off and the record 

removed from the bath. It should be well 
rinsed in warm water, and, as the copper will 
have been deposited not only on the record 
lace, but halfway over its edge to the ring 
of copper wire which held it in the bath, it can 
safely be transferred to the face-plate of a 
lathe, where the operation of cutting its peri¬ 
phery clean and to dead size may take place. 
T he matrix proper is then complete, but it has 
to go through one or two further operations 
before it can be used for the production of 
record positives. 

In commercial practice, on the other hand, 
the “ master M matrix is never used for press¬ 
ing records, but only for ** mothering ** and 
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duplicating <£ stampers” as they are called by 
the workmen. A stamper is a working matrix 

for pressing records, and as such is merely a 
duplicate of the master matrix. But, as a 
stamper is to all intents and purposes identical 
with the master matrix, I propose to carry the 
reader over to the further operations just men¬ 
tioned to complete the matrix for the process 
of pressing records for the public, leaving the 
description of matrix duplication for the fol¬ 

lowing chapter. 
Having trimmed the matrix in the lathe to 

correct size, it is necessary to back it up ' for 
strength and to prevent buckling. A disc of 
copper, or brass, is turned flat on either side, 
and true to size in diameter. One side of this 
is '* tinned with solder, as is also the back of 
the matrix, after it has been skimmed and ren¬ 
dered quite level The two surfaces should 
then be sweated together with additional solder 
in the bed of a powerful press, which must be 
heated sufficiently to melt the solder, A firm 
squeeze of the press must’ then be given to 
amalgamate the two, and either be permitted to 
remain while being gradually cooled by cut¬ 
ting off the source of heat, or cooled by arti¬ 
ficial means- When this has been satisfactorily 
carried out, the back of the matrix should be 
faced true and the central hole should be 
drilled. 

The exact position for the hole will be indi¬ 

cated by the small conical protrusion, the top 
of which should be first carefully removed or 
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flattened. The drilling should he done in the 
face plate, to ensure the hole being truly at 
right angles to the plane of the matrix. The 
outer edge must lastly be trimmed to exact 
size to fit the dies of the press. 

All this accomplished, the matrix must next 
be polished in a similar manner as described 
in the previous pages in connection with cylin¬ 
ders. This can be done while it is still in 
attachment with the face plate. The disc 
matrix is not gilded, but plated with a tougher 
metal to resist the strain, presently, of the 

hydraulic press. Whether the matrix is plated 
with nickel or steel is a question for consid¬ 
eration. The former is the metal generally 
adopted, being hard and close grained, and 
susceptible of a fine surface by polishing. 

It may be remarked that in practice only a 
comparatively small number of records can 
be piessed ftom a matrix before it becomes 
necessary to strip and re-plate it, on account 

of the enormous pressure to which the matrix 
is subjected, and which is necessary, with the 

dense plastic material of which records are 

made. 1 he needle discs require considerably 
more pressure than those of the cylinder cut 
type, owing to the finer dimensions of the 

track. A pressure of half a ton to the square 

mch is required for average work, and this is 
a great strain upon the delicately marked walls 
of the record track. 

Nickel needs a higher tension of current than 
copper for deposition. Much gas is given 
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off in the process, especially in starting. The 
solution should be strong to prevent absorp¬ 

tion of gas by the deposit. The less gas 
evolved die better, and the minimum current 
will yield a better quality of metal. The 
matrix must he kept in motion to secure even 
deposition, and the best deposits are those 
which are matt or dull in appearance, and not 
brilliant when removed from the bath. They 

are readily amenable to a high polish, to 
ensure brilliant surfaces afterwards, by me¬ 
chanical means, but brilliant deposits are 
never durable. 

Nickel anodes, of course, must be used. 
Platinum is unreliable. Metallic nickel is 
unfortunately very impure, but the best ob¬ 
tainable should be employed. The easiest 
solution to work is probably one made up of 
the double salt of nickel and some alkali. 
A more expensive, though more efficient, solu¬ 
tion is cyanide of nickel dissolved in potas¬ 
sium cyanide solution. ,The double sulphate 
of nickel and ammonia, dissolved in water to 
saturation, and afterwards reduced for work¬ 
ing purposes, is another excellent medium. 
1 here are, indeed, a large variety of solutions 
which may be used with peculiar advantages 
in the deposition of nickel. 

The plating of matrices by steel offers cer¬ 
tain advantages wrhen the need for stripping 
and re-plating is considered. The steel fac¬ 
ing of electrotypes is exceedingly durable, 
and yet, when it does wrear down, steel may 

M 
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be very easily dissolved clean from the cop- 
per base without injury. The stripping of 
nickel from copper, on the contrary, is a cl if- 
heult operation, and entails much technical 
skill and care. The deposit of steel requires 
to be carefully conducted, and the matrix 
must be chemically cleaned with caustic 
potash and cleaning mixture, being subse¬ 
quently washed in water. 

The best salt is the double chloride of iron 
and ammonia, Urquhart mentions the par¬ 

ticulars of a solution which is a modification 
of Professor Bottger’s process. To prepare 
the usual solution, clean iron wire, in coils, 
should be dissolved in muriatic acid until the 
acid is quiet. The employment of gentle 
heat at the close of the operation will facili¬ 
tate the decomposition, as the acid will be 
then weak. For 58 grains of iron dissolved, 
add 53 grains of ammonium chloride to the 
solution, A small quantity of glycerine will 
diminish its tendency to spoil, 

u Another way,” says Urquhart, "is to dis¬ 
solve 25 lbs, of carbonate of ammonium in 
17 gallons of water. The iron is to be dis¬ 
solved into the solution by immersing in it a 
clean anode of charcoal iron, connected to 
the copper pole of a battery of three or four 
Bunsen cells. To the zinc pole attach an¬ 
other iron plate, and test for deposit by oc¬ 
casionally substituting a copper plate for the 
cathode” 

The anode in the bath may be a sheet of 
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charcoal iron. The deposit does not take 
place immediately on the electrotype being 

put into the solution. After it has been im¬ 
mersed some few minutes it should be re¬ 
moved and brushed with whiting and water 
and cleaned and again immersed. This 
operation should be repeated three or four 
times, when a sufficient deposit will have been 

effected. 
The solution must be kept in good condi¬ 

tion by the addition of about half a pound 
of carbonate of ammonium every few days. 
When the deposit is completed, the matrix 

should be very thoroughly washed in boiling 
water, followed in cold, with brushing. It 

should then be dried off, cleaned with ben¬ 
zine, and oiled to prevent oxidation by 
moisture, until it is required to be used. 

Another method is to fill the bath with a 
ten-per-cent, solution of sal-ammoniac, and 
hang a sheet of iron on one side in the same. 
The sheet may cover one side of the bath 
entirely. On the other side, a piece of copper 
sheet may be hung, and after making the 
connections a current of about IQ amperes 
passed through the solution for 48 hours, 1 he 
solution is then ready, I he iron plate con¬ 
stitutes the anode, and by substituting the 
matrix for the copper sheet, after it has been 
cleaned and soaked for a few minutes in a 
ten-per-cent, solution of cyanide of potassium, 
it is ready for deposition, which may be 
effected by a two-ampere current in a very 
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short time. The white deposit will soon as¬ 
sume a grey colour, which may be polished 
brilliantly with flour emery and water. After 

several of such immersions and polishing, the 
deposit will be thick enough. 

The removal of the steel face, when re¬ 
quired, may be effected with a ten-per-cent, 
solution of nitric acid. 
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CHAPTER XT 

THE DUPLICATION OF MATK1CES. 

Having obtained what is known as the 
u mastermatrix, the next operation is to 
secure a number of working duplicates. There 

are several ways of doing this. The most 
rapid, and undoubtedly the most effective, 
way is to take impressions from the original 

matrix in thin layers of highly polished pure 
lead, which are thickened up by successive 
layers, and pressed together, a process in¬ 
vented and commercially worked out by 
Dr. Albert. A later method is to press the 
stereotype in a sheet of pure lead of about 
one-sixteenth of an inch in substance, and 
I have seen beautiful examples of these 
pressings made in a very few minutes. 1 he 
process has the advantage of rapidity, and 
the work may be then < electro typed in the 
same manner as the original wax record was 
done. It is usual to finally face these lead 
sheets, before subjecting them to the enormous 
pressure, with fine graphite, which not only 
assists in polishing their surfaces, but may 
fill in any small holes or interstices in the 
metal not visible to the eye, and thus auto¬ 
matical ly make good any possible defect, and, 
in addition, will prevent any amalgamation 

by pressure of the two respective surfaces. 
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ensuring a clean face. The employment of 
this process in the duplication of printing 
blocks is now becoming extensive, owing to 

its simplicity. It will be understood that 
soft copper deposits in the original matrices 
will not work efficiently with this process, 

owing to the enormous pressure required, but 
the tough deposits of high-tension currents 

will usually be successful. 
Another process consists in pressing a 

plastic composition into the original matrix 
an cl taking electrotypes therefrom as 

** stampers,” or working matrices. Many sub¬ 
stances, including the metallic soaps, have 
been tried; and while the*latter is the success¬ 
ful method with regard to cylinders, it has 
never proved satisfactory with regard to discs. 

The obverse impressions of the original matrix 
are called s< mothers ” in the trade, in view 
of their office in reproducing matrices from 

the “ master” 
A further method, and one still in extensive 

use, is the simple one of silvering the master 

matrix. In this case the need for nickel 
plating or steel facing the original is removed; 
and many practitioners avoid the plating 

process altogether in the case of the master 
matrix. This is to be deprecated, because, 
although the absence of this thin film of 
foreign metal, which in the case of phono- 
cut tracks will microscopically change or vary 
the sound wave modulations and affect the 
character of the tone when it is subsequently 
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reproduced as a record, there are likely to 

arise many worse results through the corrosion 
of a copper surface. It would be probably 

better to gild the surfaces of disc master 
matrices, as in the case of cylinders. For 
the needle discs, having a sinuous track, the 
same precautions need not be taken, as a thin 
film of covering metal may be highly polished 
without any fear of changing either the 
amplitude or the form of the sonorous 

markings. 
After plating the master matrix with silver, 

as referred to, a solution of iodine in methy¬ 
lated spirit should be covered over the record 
surface. When the spirit has evaporated, this 
medium acts as graphite acts in general 
electrotyping by permitting the easy separa¬ 

tion of the two surfaces. The back of the 
matrix should be stopped out with varnish 
or paraffin wax to prevent the deposit from 
enclosing the matrix like a shell. It should 
be rinsed before immersion in the copper 
bath. When the deposition is completed, it 
can be readily removed from the silver sur¬ 

face of the original negative, when it will 
appear as a positive record in copper. From 
this practically any number of working nega¬ 
tives may be obtained by repeating the above 

process. 
The double cyanide of silver and potassium, 

dissolved in water, is the best working solu¬ 
tion. Ordinary commercial silver, with copper 

alloy, works satisfactorily. Two and a half 
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ounces of the metal should be present in each 
gallon of the solution. The method of 
reducing the metal is disagreeable, and the 
nitrate of silver is best procured ready pre¬ 

pared. Dissolve one ounce of this m each 
gallon of distilled water Prepare also a 
similar bulk of solution, in which four to six 
ounces of the potash salt enters. Add these> 

with constant stirring, until a precipitate of 
cyanide of silver ceases to fall as a white 
powder. The liquid must settle to clear. The 
clear liquid should be poured off and more 
distilled water be added with rapid stirring. 
Again leave it to settle, after which pour off 
in the same way as before. The washing 
may be done several times as long as the 
silver is not lost in the process. Next make 

another solution of cyanide of potassium 
(about one ounce to the pint) of half a gallon 
to each ounce of silver cyanide, and add it 
to the latter with continuous stirring until 
the salt is dissolved. Then dilute the wnole 
to about half-a-gallon to the ounce of 
cyanide, with distilled water, adding about 

one ounce to the gallon of potassium cyanide 
to form free cyanide, and to enable the anode 
tc be freely attacked. A small addition of 

bisulphide of carbon will give the deposit 
a very bright surface, but more current will 
be required, and great caution must be 

observed in putting it into the solution, which 
must be done gradually, or the whole bulk 
will be rendered useless. 
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The anode must be pure silver, as large 

in its surface as that to be deposited. Motion 
should be given to the matrix to be plated 
to ensure uniformity of deposit. The specific 
gravity of the solution should not be lower 
than 1042 nor a great deal higher. The 
surface will probably require polishing when 
deposited. A more simple solution for de¬ 
positing silver consists of two ounces of 

cyanide of potassium to the gallon of water. 
Silver requires a greater current pressure 
than copper, or the anode may be arranged 
nearer to the cathode. The number and 
variety of silver solutions are so many that 

the reader is referred to the excellent hand¬ 
books which deal with them with far greater 
thoroughness than space will permit here. 

In concluding the remarks upon the making 
of matrices, it may be useful to point out 

that the most common difficulty encountered 
by workmen in the deposition of copper is 
the variable quality of the deposited metal, 
which makes its tensility uncertain, notwith¬ 
standing that the strictest attention may be 
paid to the specific gravity of the solution, 
its thorough diffusion, and to the tension 
of the current passed into the bath. The chief, 
indeed the only, cause of this occurrence, when 
other things are properly in order, is the 

weakening of the acid in the solution. It 
is of the utmost importance that the relative 
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proportion of acid to the bulk should be 

maintained. This is generally understood, 
but it is not so generally known how to 

determine the ratio of free acid in the solu¬ 
tion after use, but this may be done by 
titrating the copper solution with normal 
soda solution, Congo paper being used as 

an indicator. By means of a pipette, bring 

10 cubic centimetres of the copper bath into 
a beaker glass, dilute with the same quantity 
of distilled water, and add drop by drop 

from a burette normal soda solution, stirring 
constantly, until the Congo paper no longer 

is coloured blue when moistened with a drop 
of the solution. T he cubic centimetres of 
normal soda solution consumed multiplied 

b>T 4 9 give the number of grammes of sul¬ 
phuric acid in the litre f6ro28 cubic inches). 
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CHAPTER XII. 

THE PRESSING OF DISC RECORDS. 

The up-keep of a pressing plant is a very 

expensive item, and only the largest record 
manufacturing firms employ presses of their 

own. In the early days of the disc trade 

almost the whole of the pressing in Europe 
was done in Germany. Plants were early set 
up m the United States, and at least one firm 

in England set up extensive works to press 
records for the trade. Others have followed 
in later years, and in this respect the model 
factory laid down by Mr. Hough at Peckhani 
is very complete and well organised. The re¬ 
duction in the prices of disc records in recent 
years has made it more and more incumbent 
on manufacturers to include pressing, and so 
save the profit to another firm which would 
inevitably be lost otherwise. The companies 
which contracted for the pressing of records 
from supplied working matrices certainly 

facilitated the business, the record composi¬ 
tion being included in a stated charge. Manu¬ 
facturers always knew the actual cost of this 
most important item, and could calculate their 

respective costs of production to a nicety. 
The presses employed for this work are 

variously designed, but are all the same in 
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principle. A common type is illustrated in 

Fig- 35- They are invariably operated by 
hydraulic power, and are furnished with cool¬ 

ing chambers against the plattens, with means 
for the circulation of water. In the factory 

they are usually placed in rows, with steam 

Fig. 35,*—A Disc Record Press. 

beds adjacent, for the heating and man ip u la- 
tion of the record material. Fig. 36 shows a 

group of presses and steam beds installed 
for work. 

The composition employed for the record 
itself consists of variations of shellac, barytes, 
china clay or Fuller’s earth, with cotton flock. 
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finely dedicated, for binding. Sometimes 
dessicalcd asbestos is used, as well as other 
similar substances, in place of cotton, as the 

latter has certain drawbacks. Usually, the 
composition is homogeneous and is pressed in 
the manner that electrical insulating blocks 
are pressed. Another method, however, con* 

sists in utilising waste material between two 
thin sheets of rice paper coated with pure 

shellac. The whole is amalgamated by pres¬ 
sure, and the result is a very bright and clean 

surface. 
The first operation in pressing is to knead 

the composition on the warm bed plates 
(steam heated) and divide it into lumps like 
patties, approximately in size which experience 

has shown to be sufficient, and not more than 
sufficient to produce a full record when pressed 

flat. About half a pound of ordinary mate¬ 
rial is sufficient for a ten-inch disc of average 
thickness. The modus o per and i is as follows r 
the dies, with the matrices fitted therein, are 
well warmed on the bed-plate at the same 
time as the material In double-sided record 
pressing, there is a pair of steel dies each 
fitted with a matrix, the under die having a 
pin projecting through the matrix to engage 
in a corresponding recess in the upper die. 
The paper label, which serves to indicate the 
title and number of the particular record, has 

also a hole in its centre, and it is placed face 
downwards against the matrix in each case. 

The pin serves to keep the label central. This 
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done, a lump of composition is next placed 
in the centre of the matrix and covering the 

back of one of the labels. The second half 
of the die is then brought into contact with 
the material, the whole being boxed in, as it 

were, ready for the press. The dies, of 
course, are furnished with stops to ensure the 
desired thickness in the record By the appli¬ 
cation of the power the ram is slowly set in 

motion, upwards, to effect a squeeze between 
the dies, which, however takes but few seconds 
to effect. The superfluous material is squeezed 
out between the edges of the dies, apertures 
being made for that purpose. The circulation 
of the cold water through the press soon 

chills the impression, and the waiting time is 
usually occupied in preparing the next record 
for similar treatment. The work is thus con¬ 

tinuous, as the records are best released from 
the dies whilst yet warm, after some amount 
of cooling. It will set much more rapidly 
when released from the still warm dies, as 

long as it is laid upon a fiat surface to do so, 
which is important to remember. 

After this operation is finished, the record 

is transferred to a trimming machine, which 
clamps it between two slightly smaller, felt- 
lined discs, in juxtaposition, on spindles, for 
the purpose of being trimmed clean at the peri¬ 
phery. This is done by means of carborundum 
and finally polished b}^ friction. 

The work of pressing records is compara¬ 
tively slow, when the far more rapid process 
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of moulding wax cylinders is considered, A 
workman pressing, say, an average of 250 
records per day is considered a good man. 

This work is usually done by piece work, and 
the conditions of working are anything but 

pleasant, the work being heavy and the atmo¬ 
spheric temperature oppressive, A good num¬ 
ber of presses will be required to be at work 
together in order to give the output necessary 

for a first-class firm, say, a minimum average 
of 50,000 records per week during the season 

Shellac, being an essential ingredient of 
record composition at present, is likely to rise 
higher and higher in price, which will prevent 
great reductions in record prices in the future, 
after these reductions have reached the mini¬ 

mum profit stage. Other substitutes will very 
likely be discovered, but this has been a diffi¬ 

culty so far. 
What appears to be a matter of trifling 

moment, and yet one worthy of consideration 
by all manufacturers, except “stencil" record 
makers, is that of the paper label which is 

pressed into the centre of the record, I have 
no doubt whatever that thousands of pounds 
a year might be saved to manufacturers by 
dispensing with these altogether, and by en¬ 
graving on the matrix all the necessary par¬ 

ticulars, subject title, etc,, which would appear 
in the subsequent pressings. Messrs. Pathe 
Freres were the first to adopt this method, if 
I remember aright; ancl the beautifully em¬ 
bossed design more recently adopted by Mr. 
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Edison upon his equally beautiful discs is 
evidence of progressive policy. It is not so 
much the cost of the paper labels which counts, 

although these are usually done in an artistic 
way and are comparatively expensive, but 
what happens in practice, with a large variety 

of records to be pressed, is that wrong labels 
often get attached to the records, and this cir¬ 
cumstance not only renders the records com¬ 

mercially valueless, but the difficulty of re¬ 
moving the paper from the material, before it 

can be used up again, is very considerable. If 

the matrix itself bore its own title, no mistake 
could possible arise, ancl if a defective im¬ 
pression occurred (which also frequently hap¬ 

pens^, the material would be ready at once for 
employment again. 



194 

CHAPTER XIII, 

THE MOULDING OF CYLINDER RECORDS. 

The commercial moulding of cylinders is a 

far more rapid process than that of pressing 

discs. The matrices are provided with bases, 
and with flanged extensions attached to their 

upper ends, and these two parts are provided 

with extending lugs or similar means to enable 
rods to clamp the whole together. 1 he object 

of the flanged head is, when dipped mto the 
wax vat, to hold a quantity of superfluous 

wax, which, cooling, shrinks considerably. A 

core is generally furnished to the mould, which 
is screwed into the centre of the base plate, 
and provided, at its upper end, with a long 

metal rod or handle for the convenience of 

lifting the mould in and out of the molten 
material. The substance generally used for 
moulding cylinder records is a composition 

whose base is sodium stereate with which oxi- 
hydrate of alumina is incorporated, and to 

which is added about 50 per cent, of black 
mineral wax, which is sold cheaply as a com¬ 
mercial article and in which ozokerite or 
asphaltum largely enters. It is preferable to 
add, also, a small proportion of Canauba wax, 

which furnishes a tough and smooth surface; 
and although this was pretty freely used some 
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years ago, when the higher prices of cylinder 
records permitted its adoption, it has been dis¬ 
carded in later times on account of its rela¬ 

tively high cost. 
It is usual to employ very large vats, heated 

with gas jets, in the preparation of the compo¬ 
sition, so that a large quantity is available as 
required, and the composition is transferred 

from the vats to the moulding tanks by any 
convenient method. The latter are compara¬ 

tively shallow, but allow of a large number of 
moulds being placed in them at the same time. 
The tanks are maintained at an uniform heat,, 
and as the moulds get sufficiently hot they 

are lifted out and cooled by the effect of the 
colder temperature; or, by another arrange¬ 
ment, are facilitated in their cooling by means 
of an air blast. Still another plan has been 
resorted to with some success, which is to 
plunge the mould into a shallow bath of cold 
water, which gradually but quickly cools the 
wax composition. Care should be taken not to 
chill the wax too suddenly, or the record may 

be split, but the more rapid the process of 
chilling, with this precaution well in mind, the 

more brilliant will be the record surface, pre¬ 
senting a lustrous appearance as well as being 

flner in superficial texture. 
A method of moulding patented by Mr. 

Edison is illustrated in Fig. 37. The tank is 
arranged so that the matrix, with cover and 
plunger, fits upon a cylindrical chamber 
forming a part thereof, the molten wax being 
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allowed to enter the cylindrical chamber by 

orifices near the bottom. The plunger has the 
core attached, or, to be more precise, the core 
forms part of the plunger itself with a rim 

at the base to carry up the wax into the matrix 
above. The scheme has everything to recom¬ 

mend it on the score of cleanliness and easy 

manipulation, but its defect is want of provi¬ 
sion of means to heat the matrix in order to 

avoid the presence of air bubbles. Even though 

such means were provided, the alternate heat¬ 
ing and cooling of the mould must occupy 
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considerable time in the process, which makes 
any economical advantage doubtful. 

A later, but not a highly successful prac¬ 
tice, is the moulding of cylinders by spinning. 

1 he matrix is gripped in the chuck of a lathe 

or similarly constructed machine, when the 

molten wax is conducted to its interior from 
the outer end which is provided with a flange, 
1 he centrifugal force of the revolving matrix 
has the effect of thrusting the wax against 

the face of the matrix with considerable pres¬ 
sure It is a far more economical method, and 
the possibility of air bubbles near the surface 

is eliminated, a circumstance which has given 
nse to much trouble in ordinary moulding in 
net allowing the necessary time to heat the 
moulds to the wax temperature. In addition 
to these advantages, the wax is close-grained 
and the record is more durable. But the film 
of air, which is never driven out by the effect 

of the hot wax against the cold matrix (in 
spinning) is often quickly converted into mois¬ 

ture, and the presence of this condition is to 
render an otherwise smooth record rough in 
the surface, which is extremely undesirable. 
Instead of forming as air-holes, as in the case 

of moulding, and being eventually driven off 
by increased heat, this air him remains uni¬ 

formly diffused and is instantly sealed by 
the rapidity with which the matrix surface is 

covered with the composition in the process 
of spinning. 

After the moulding, by whatever method, is 
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effected, the moulds and their contents a*e 
cooled, and the metal cores (if used) must be 
extracted before the cooling has proceeded 

too far, or they will not be extracted at alb 
The contraction of the wax composition natur¬ 
ally takes place towards the centre, and the 

effect of this is to grip the core very tightly. 
The bore should be tapered, of course, to 

facilitate extraction. The matrix should next 
be released from the caps (base and flange* 

Fig* 38.—Plan, 

head) and inserted in extending jaws of a 

lathe chuck (or what is the same thing in 
principle—a boring machine); a slotted tool 
(see Figs* 38 and 39) is adjusted to the correct 
mandril taper, and inserted inside the cylinder 

to the correct position, which is determined by 
a “ stop/’ The mandril is revolved and the 
tool is then brought over against the wax 
interior by the compound slide rest to which 

it is fixed. The first motion will make the 
bore of the correct taper to fit the mandril of 
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the reproducing machine, while a subsequent 
lateral motion, determined also by a “stop,” 

will produce the concentric rings which are 
to be seen inside the bore of cylinder records, 

and which serve as a better means of grip 
for the record on the mandril. Machines spe* 

dally constructed for boring, having, in prin¬ 
ciple, a lathe head, a tool holder with a double 

slide motion, are invariably used in the fac- 
tory, as the position of boring or reaming 

Fig. 39.—Elevation-. 

tools, once ascertained, may be permanently 

fixed, and their extent of traverse limited, by 

means of the aforementioned “stops.” Boys 
or girls can operate these machines very 
rapidly, under these circumstances. The ex¬ 

perimenter, who is not governed so much by 

considerations of speed, can do the work just 
as efficiently with a lathe. 

When the bore is completed, which at high 
speed rotation takes only about one minute 
to do, the matrix and record may be released 
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from the chuck and stood aside to cool until 
the record shrinks away from the matrix* The 
latter should then be carefully slipped off the 

former. The surface of the record may be 

easily spoiled in doing this, if great care is 

not exercised. 
When the record is thus free from the 

matrix, it is ready to be put upon the trim¬ 
ming machine (again, a lathe in principle), A 

spindle holds a short mandril in the centre 
such as was described in connection with shap¬ 
ing of cylinder blanks, and one end is gripped 
by the chuck while the other—after the record 

has been put on the mandril'—is run in con¬ 
tact with the tail-stock centre. Only the super¬ 

fluous wax at the head of the record requires 
cutting off and finishing, which is done in a 
few seconds with a sharp tool as the record 
revolves. The other end, it will be remem¬ 
bered, was moulded clean by the overturned 

matrix end containing the engraved title, num¬ 

ber and make of the record. 
The record is now finished, with the excep¬ 

tion of filling in the incised letters and figures, 
etc., on the end with a white paste. This is 
made, mostly, of common whiting and size, 

but sometimes of carbonate of lead and gum. 
With a small pad it is smeared well into and 
over the lettering, and when quite dry, the 
record may be re-mounted on the trimming 

mandril once more and be carefully skimmed 
with a smooth blade over the superfluous white 
paste, until the lettering is seen to be well 
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defined. Or the record may be wiped with a 
damp flat pad to remove such superfluous 
paste as may exist, when the lettering will 

appear white in contrast to the body of the 
record, which is usually black in colour. This 
operation completes the process, and the record 
is ready for Anally testing, to discover any 
possible flaws in the moulding* After which, 
if it is found to be free from mechanical 

defect, it is put into the wool-lined box with 
which everyone is familiar, and is properly 

labelled, and is passed on to the store-keeper, 

who in turn passes it on to the factor or dealer, 

who distributes it to the public* 
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CHAPTER XIV, 

INDESTRUCTIBLE RECORDS. 

1 he moulding of cylindrical records m cel¬ 
luloid, or cellulose compositions, is an alto¬ 

gether different process, and requires very 
different appliances. Instead of the composi¬ 

tion being rendered fluid like the wax, a cellu¬ 
loid blank, which is merely a comparatively 

thin celluloid tube, shaped at either end to 
form a perfectly steam-tight joint, is inserted 
in the matrix, and after being closed by suit¬ 
able ends, or caps, is softened and printed by 

means of a jet of steam under pressure. When 

the printing has been effected, which occupies 
about two minutes, according to the substance 

cf the tube and degree of steam pressure, the 
steam supply is cut off, and a jet of com- 

pressed air at about the same pressure takes 
the place of the steam, in order to chill and 

fix the softened celluloid against the matrix 
face and prevent its collapse in the interior 
of the matrix. 

The first patent to be taken out in England 
for the making of celluloid records was by 
Mr, John Lewis Young in 1894, The patent 
specification, however, discloses no effective 
means for the practical working out of the 
process, but the idea of celluloid cylinders 

appears to have been originated by Mr. Young, 
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pressed by means of an elect retyped matrix of 

an original wax record. The subsequent 

application of an electrotype matrix for mould¬ 
ing cylinders entirely revolutionised the cylin¬ 

der record manufacture and marked an 
extraordinary advance in the duplicating pro- 

cesses. 
A number of patents were taken out by 

different inventors which embodied minor 
differences in mechanical means to accomplish 

the same end, and always with a view to 
technical or commercial improvement 

Wool cot t’s process (Patent No. I5*°S7 °* 
1899) embodies a tube of plastic material such 
as celluloid (softened on the outer surface 
by such means as acetone) to be embedded 
between a matrix and a circumferentially re¬ 

cessed metallic piston which might be pressed 
by any fluid medium against the inner wall 
of the blank. The idea was crude, but it 
must be remembered that it was one of the 
-earliest attempts to procure records in hard 
material and by pressure, in contradistinction 

to moulding in fluid materials. 
The Lambert process was apparently the 

first working patent, although it is doubtful 
whether the success achieved by the Lambert 
process was in reality due to the strict applica¬ 

tion of the patent claims. In any case, the 
scheme was unnecessarily cumbersome, and has 

since passed out of date. The blank was placed 
upon the base of the press which acted as a 

closed end to the cylinder chamber. See Fig. 
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40. In order to seal the upper end of the 
chamber, a removable cap was furnished, upon 

which a gear spindle was allowed to drop. 

A weighted lever mounted on a shaft and 

carrying a pinion meshing with the spindle 

referred to, enabled the pinion to raise or 
lower the spindle as required. In principle, 
it was a sort of safety valve, but was designed 
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to adapt the upper cap to the edge of the 
celluloid tube to ensure a steam-tight joint, 

as the latter became affected by the applica¬ 
tion of steam heat A screw was provided 

to limit this movement so as not to crush 
the blank or otherwise put it out of proper 

position. 
Steam was next forced into the chamber 

thus formed at a pressure of about 30 lbs. 

to the square inch through a conduit leading 

from the boiler to the press. The steam was 
confined in the chamber for a short time at 

an uniform pressure, and to prevent conden¬ 

sation was allowed to blow from an exhaust 

pipe which surrounded the supply pipe. 
The steam, being kept at substantially uni¬ 

form pressure, softened the blank and forced 
it out against the inverted record of the 

matrix. A positive duplicate of the original 

record was thereby obtained in plastic cellu¬ 
loid. When the pressing was thus accom¬ 
plished—and experience alone determined 
what length of time was required to effect 

this—the steam was shut off and air under 
pressure wTas admitted into the chamber, which 

fixed the record on cooling. The air being 

subsequently shut off, the record was removed 
from the matrix—the slight contraction of the 
celluloid in cooling enabling this to be accom-> 

plished with comparative ease, particularly if 

the original blank of the record, from which 
the matrix was obtained, instead of being 
shaved or surfaced cylindrically, was made 
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to assume a slight taper. The record him 

was then ready for mounting or filling with 
a pa fie r mac he tube, or plaster of Paris, to 

give it solidity, and to perfectly adapt it to 

the standard mandril, which is tapered, of 
the reproducing machine. 

Really, the most important process in the 
practical manufacture of cylinder indestruc- 

tibles, and the missing link, as it were, of the 

Lambert process, was that patented by Mr. 

W. F, Messer, in IQ02. With the use of higher 
steam pressures (up to about 60 lbs*) for the 
purpose of effecting an economy in time, the 

disposition of the steam to escape at the ends 
forming the joints was very great, and a 

large percentage of spoiled records resulted. 
It occurred to Messer that this escape might 

be diverted so as to effect a more rapid seal¬ 
ing of the pressure chamber. He therefore 
provided the upper cap and the base of the 

chamber with small perforations, the effect of 
which was to allow the rush of escaping 

steam to force the softened celluloid ends into 

the perforations and thus effectually close up 
the avenues of escape. Although Messer did 
not quite perfectly solve this minor but very 

important problem, he came very near to it, 
and enabled records to be duplicated with 
far less waste and in a shorter time than was 

before possible. For an illustration of the 
system, see Fig, 41. 

Probably the best method of mounting cel¬ 
luloid cylinders was invented by Petit in 
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IQ02. The great tendency of celluloid to 
shrink, by the atmospheric action upon its 

camphor element, and therefore of the records 

to undergo a variation in diameter, becom¬ 

ing a source of much annoyance to users, was 
a problem which beset makers, and one which 

Petit effectually solved. I have had celluloid 
records made by his process for several years 
and under various temperatures, but have 
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never known them to vary their shape* a fault 
common to all other celluloid records. His 
method consisted of clamping the in turned 

edges of the record with metal rings* in the 
process of pressing the records* one slightly 

larger than the other in the inside measure¬ 

ment* and which formed a correct bearing 
for the tapered mandril of the reproducing 

machine as well as making the record bore 

concentric with the outer surface* so essential 
to correct lone. It became a simple matter 
to subsequently fill the interior of the record 
with plaster of Paris* to give solidity of tone 
and stability of character to the same* as the 
annular rings served as a correct gauge for 

skimming away any superfluous plaster of 
Paris* and as a quick and easy method of 
mounting. By the use of plaster of Paris* 

the annular as well as the longitudinal con¬ 
traction of the celluloid was thereby pre¬ 
vented. 

It is really astonishing what a great im¬ 
provement in celluloid records is effected by 
mounting, or re-inforcement* as it is some- 

times decribed. Plaster of Paris backings have 
proved to be the best of all* and moreover it 

is the easiest possible method* in conjunction 

with the Petit process. It is better to employ 
an equal admixture of plaster of Paris and 

Parian cement* so that the setting does not 
take place too rapidly. Other alternatives 

have been applied* notably tubes of com¬ 
pressed strawboard, f after mache* and the 
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like, but these have invariably proved to be 
failures* as the power of contraction possessed 

by celluloid is sufficient to distort all such 
materials which are possessed of an inferior 

tensile strain. 
In addition to the improvement effected by 

Petit in furnishing the inturned ends of the 
cylindrical record tubes with overturned metal 

rings to obviate eccentricity in rotation upon 

the reproducing mandril* he introduced in 1903 
an economical arrangement of presses of more 
simple form than those of his predecessors. 
The plan and elevation views of a group of 
eight of such presses* operated simultaneously* 
are shown in Figs. 42 and 43, 

The before-mentioned difficulty of obtaining 
a steam and water-tight joint in the operation 
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of pressing- celluloid records—to obviate mois¬ 
ture creeping between or forming within the 

exterior celluloid blank surface and the matrix 
face, was got over by Petit by the introduction 
of rubber cushions formed as rings, and which 

were arranged to sit between the edges, sup¬ 
ported by flanged collars. A screwed sliding 

Fig. IS.—Elevation (Petit's Process), 

movement to the spindle brought the rubber 
rings into firm contact After the blank had 
been subjected to the usual steam and air 
pressures as required, the cocks were shut off 
and the presses were unscrewed from the base 

and immersed in cold water to further cool 
the matrices for the purpose of facilitating the 
extraction of the records. 
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Whilst giving due credit to the aforemen¬ 
tioned inventors for the real improvements 

made in the production of records in ■ cellu¬ 
loid up to this period, it must be frankly 

admitted that there was yet much to be done 
before they could hope to successfully super¬ 
cede the older wax records, notwithstanding 
their greater durability and augmented volume 
of sound resulting from their denser surfaces. 
They were extremely harsh in tone, and sur¬ 

face noises were almost as prominent as those 
of the average disc record. Many devices 

were resorted to in order to tone down and 
reduce these objectionable features, which 
almost invariably succeeded in reducing the 
tone-quality of the records as well, and so 
nothing was gained. One company after 
another went under in attempting to oust the 
wax record, and for a time the latter held 
sway. One could scarcely be surprised at this 
when we remember the beautiful standard 
records in wax which Mr. Ipdison had, during 

all this time, been engaged in perfecting by 
the best known processes, and which had got 
a firm grip upon the public patronage. 

Without being in the least discouraged by 

other people's failures in the production of 
records in celluloid, I set to work in 1904 on 
a series of experiments designed to over¬ 

come their mechanical drawbacks. It would 
be too long and tedious a story to go through 
these experiments in their order, for I found 

that I had to go back to the beginning many 
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times over before I reached the culmination of 
my object some two years later. But to sum¬ 

marize, 1 may say that I found it necessary to 
use hard, close-grained blanks for recording> 
which could be warmed just before use, and 

which would afterwards present the finest sur¬ 
face possible to be obtained, upon contraction 
by cooling. The next important thing wras 
close deposition in the bath, in procuring the 
metallic negative, and this was only to be 

obtained by comparatively high tension cur¬ 
rent, with suitable motion given to the record. 
I experimented with various grades of cellu¬ 
loid material, and found that most of them 
were charged with all sorts of foreign impuri¬ 

ties, which made the production of a com¬ 
paratively noiseless surface difficult if not im¬ 
possible to secure. Some samples I had from 
the Rhenish Company, in Germany, proved to 
be the best obtainable, and were very homo¬ 

geneous on the whole. When all the condi¬ 
tions were right, I found no further difficulty 
in producing celluloid records as mellow in 
tone and as noiseless In surface as the best 
examples of Edison wax records. I engaged 
wfith a London Company to manufacture and 
put them upon the market, and fitted up a 
factory with the necessary machinery m fur¬ 

therance of this project early in 1907, but 
owing to financial and other disagreements, 
I abandoned the enterprise and nothing came 

of it except ruinous litigation in the High 
Court 
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Mr. Edison had about this time introduced 

the 200 thread-to-the-inch cylinder in hard 
wax composition, and I saw at once, from 

results obtained, that such a type of record 

was, from all points of view, eminently suited 
for duplication in celluloid. I lost no time 
in making samples of such records, and had a 
number of subjects ready in 1908. I publicly 

stated that the wax " Amberol ” was doomed 
as a mechanical failure, and that it would be 
entirely superseded if it wrere duplicated in 
celluloid, which subsequently proved to be 
the case, when Mr. Edison introduced the 
"Blue Amberol!y As the most perfect speci¬ 
mens in sound reproduction that have yet 

been brought forward, these later achievements 
of manufacture take a high place. 

In my earliest experiments in manufactur¬ 
ing celluloid records I found that record 
matrices ol about i-i6th of an inch in thick¬ 

ness would withstand a tensile strain of some 
20olbs. to the square inch. And as no such 
pressure was ever required to mould plastic 

celluloid I employed the simple matrix as one 
part of the composite press. This effected great 
simplicity in press construction, and favoured 

a scheme I devised for the sudden chilling of 
the matrices. The texture of celluloid or cel¬ 
lulose compositions is considerably porous, 

which accounts, in some measure, for the noisy 
surfaces of pressed records, unless specially 

treated. I found that when sufficient time had 
elapsed for the record to be printed by the 
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influence of steam pressure* an excellent means 
of closing the surface grain of the material 
lay in suddenly chilling the matrix whilst 
under steam pressure and just prior to the 
introduction of compressed air, in contradis¬ 

tinction to the older method of cooling from 
the interior of the tube exclusively. I there¬ 
upon arranged presses in a group of six, built 
up on a main supply pipe*, one end of the 
latter being provided with a free union made 

steam tight* the other with a closed encL en¬ 
gaging freely with a trunnion support By 

means of a handle* the whole of the six 
presses might be turned over into a tank of 
cold water at one operation, the effect being to 

quickly cool the matrices from their heat ab¬ 
sorbed from the steam* and by such means 
to set the faces of the records at once. The 
design of press and immersion arrangement 
is set out in Russell and Jung's patent* No, 

14*073, of 1907. 
It is possible* of course, that celluloid 

records may sometimes emit unpleasant surface 
noises, even though they are manufactured in 

the manner described. It should be remem¬ 

bered that the pressing is only one of a series 
of operations* each of which should be very 
carefully performed. If* for example* the 
shaving or surfacing of the original wax blank 

is improperly done* a certain roughness will 

be apparent throughout the rest of the pro¬ 
cesses, even though these are carried out with 
the greatest degree of skill. Or, again, if 
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the wax record is perfect in every way* the 
matrix may be badly clone* and the roughness 

will originate at that stage and be carried 

through the pressing. The number of really 
skilled depositors, capable of making perfect 

matrices, is few and far between. Many of 
the leading companies entrust this high class 
of work to ordinary electro typers* who work 

by rule of thumb and who know next to 
nothing of the exactness required by the most 
modern methods of chemistry and electricity. 

Not understanding how to deposit fine sur¬ 
faces, they generally resort to artificial polish¬ 
ing of the matrix face to produce a brilliant 

effect to the eye* and frequently succeed in dis¬ 
figuring the character of the record itself. A 
large proportion of inferior records presented 

to the public have been ruined in this way. 
In considering the behaviour of celluloid in 

record moulding* it must be borne rn mind 
that although it is a most excellent material 
for moulding purposes, it is a composite body, 
the elements of which are not chemically com¬ 
bined* although it presents* on analysis, a rare 
example of close mechanical mixture. Cellu¬ 
loid is formed by dissolving nitro-celluloses 
(such as gun cotton) under certain conditions, 
in camphor* or its chemical substitute. Phenol 
is used as a substitute for camphor very con¬ 
siderably, as mav be easily determined by 
dissolving celluloid in boiling caustic potash. 

Celluloid becomes plastic if heated to about 
125 degrees C,, and may be readily moulded 
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by the application of a moderate pressure. If 

it is desired to make cylindrical record blanks 
from the sheet, the shaved edges may be 
joined by coating the two surfaces with collo¬ 

dion and applying the requisite pressure. The 
manufacturers of celluloid, however, generally 
supply the material in tube lengths for the 

purpose of phonograph blanks, which can be 
cut to the required sizes. 

Dr. Fr. Boekmann, in his w^ork on "Cellu¬ 
loid, furnishes some useful hints in analysis. 
He says:—"Mineral adjuncts can be detected 
by treating the finely raspecl or shredded cellu¬ 
loid with ether, chloroform, or other volatile 
solvent at a moderately warm temperature. 
Under this treatment magnesia, ammonium 

phosphate, lead borate, or other ingredients are 
left behind, whilst nitro-cellulose (gun cotton), 
camphor, fatty oils or paraffin wTax pass into 

solution. The examination and determination 
of the insoluble residue is performed on the 
ordinary analytical lines, though some diffi¬ 
culty is interposed by the organic compounds 
latterly employed instead of camphor. The 

examination of the solution is rather difficult, 
but the nitro-cellulose can be determined by 
converting it into ordinary cellulose by means 

of reducing agents. If nitro-cellulose be 
treated with a concentrated solution of ferrous 
chloride and an addition of hydrochloric acid 
at ioo degt C., nitric-oxide gas is evolved, the 

precipitated iron hydroxide is redissolved in 
the hydrochloric acid, and structureless cellu- 
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lose is left behind. According to Hadow, a 
similar reduction is effected in the case of gun 

cotton by treatment with an alcoholic solution 
of sodium sulphydrate, the precipitated cellu¬ 
lose being then carefully washed with alcohol, 

dried at ioo deg. C, and weighed. The de¬ 
termination of nitrogen in celluloid can prob¬ 
ably be effected by the method employed by 
Walter Crum for the nitrogen of gun cotton. 
A weighed quantity of gun cotton is heated 
with an equal quantity of concentrated sul¬ 
phuric acid in a tube filled with mercury. The 
reaction liberates nitric acid, which acts on the 
mercury, and oxidizes a portion of the same, 
nitric oxide gas being given off. After the 
reaction has continued for several hours, the 
volume of the nitric oxide gas is read off in 
the graduated glass tube, and a solution of 
ferrous sulphate is added; this absorbs the 
nitric oxide gas, the amount of which is indi¬ 
cated by the shrinkage of volume in the tube/’ 

It has been found that celluloid for re¬ 
cords is better if not used too early after manu¬ 
facture. It should be stored in a dry place for 
a month or two. If allowed to stand too long 
out of use, on the other hand, the evaporation 
of the camphor or volatile substitute will cause 
it to be brittle, when the turning of the ends 
of the record blanks will become difficult It 
will also require more heat to soften, and more 
pressure to print, than newer material. In 
such an emergency, it will be wrell to bear in 
mind that celluloid may be restored in some 



ns THK REPRODUCTION OF SOUND. 

measure to its original flexibility or mobility 
b)^ being dipped for a short time in spirit of 

camphor. 
The objection to celluloid records that they 

are easily inflammable is not well grounded. 
Almost invariably the material supplied for 
phonographic records is a composite substance. 

It is seldom that celluloid is employed in its 
pure state, A very good composition was made 
by the French Celluloid Co., of Paris, under 

the patent of Mens. Defavrie, consisting of 
celluloid containing a small proportion of 
stearic acid which was added when the cellu¬ 
loid was being softened by treatment with 

alcohol, I have worked a considerable quantity 
of this composition with excellent results, and 
have found it far less combustible than pure 
celluloid. I have noticed also that an excess 
of steam heat will sometimes separate the 
stearic acid and cause it, or some portion of 
it, to be driven to the surface, but with reason¬ 
able care this can be easily avoided. 

There have been many ingenious attempts to 
manufacture celluloid of an entirely non- 
inflammable character, but they have been more 
or less failures. The introduction of ingredi¬ 
ents to effect this object, so antithetical in 
nature, has generally rendered the substance 
inferior for all the purposes for which it is 
so eminently fitted. Perhaps Stocker's is the 
best yet reached. The mass prepared by him 
possesses all the important properties of nitro¬ 
cellulose—transparency, toughness, and perfect 
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plasticity by the application of heat while it t 
can only be ignited with considerable difficulty. 
His method is to treat the finished celluloid 
with an addition of stannous chloride which 

enters into molecular combination, and a homo¬ 
geneous mass results, which will bum only when 
held directly over a flame, and ceases to do so 

the moment it is removed. 
The tubes of celluloid or celluloid composi- 

Fig. 44.—Stretch iso Celluloid Tubes. 

tion which manufacturers supply for phono¬ 

graph blanks are generally made in lengths 

of several feet, and they not only require to 
be cut into the exact lengths for the records, 
but firstly to be mandrilled into the cylin¬ 

drical form of the correct diameter to suit 
ordinary reproducing machines. The man- 
drilling is performed by a machine, or rather, 



220 THE REPRODUCTION OF SOUND. 

by means of an apparatus designed to force 

the lengths over a short steam-heated mandril,, 
after which it will set immediately. An 

illustration of such apparatus is shown in 
Fig-. 44. 

When this operation is completed, the cor¬ 
rect lengths are cut by an ordinary fine cir- 

Frci. 45.—Cutting Celluloid. 

cular saw, or by a revolving steel cutter as 
represented in Fig. 45. 

The lengths so cut are required to measure 
more than the actual length of the finished 
record, on account of the shaping of the 

in turned ends. The shaping press (steam- 

heated), when operated by the lever handle. 
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brings down the celluloid cylinder end against 

the warm metal flange which forms the mould 

for the inturned end, and which requires some 

mechanical force to assist the moulding, not 

being enclosed. (See Fig. 46.) 

1 he desired shape of the end once secured, 
the tube can be released from the warm metal, 

when it will set and keep its shape with very 
little contraction. To turn the reverse end, it 
is only necessary to repeat the process, after 

reversing the tube ends. The blank is there- 

m 
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upon ready for moulding a record from the 
matrix. 

If polishing the surface of the blank is con¬ 
sidered necessary, before pressing the record— 

and I have found it advisable when done by 
friction alone so as not to impart foreign 
impurities into the surface—it may be done in 
the ordinary way by means of a high-speed 

buff on a polishing lathe. Some makers polish 
by pumice powder with water, following with 
tripoli and an admixture of oil, and finally 

finishing with a swansdown mop and Sheffield 

lime, 1 have no doubt that the effort to so 
secure a smooth and theoretically noiseless sur¬ 

face has been responsible for much of the 

harshness associated with indestructible records 
in the past. But care must be used in the 

exercise of simple friction for polishing, as 
the heat engendered, if excessive, will simi¬ 
larly defeat the object m view and give rise 
to “ clogging ” which will certainly not favour 

the formation of an ideal surface. If the 
material is in good condition and is properly 
pressed, the polishing may be entirely dis¬ 
pensed with to advantage. 

In the construction of the matrix press for 
the final printing of the record, the upper 

metal cap which forms the head of the matrix- 
chamber should be provided with an annular 
boss on the interior around which the intumed 
end of the blank should fit tightly. At the 
extreme point of this boss several small per¬ 
forations should be made to allow steam to 
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escape until the celluloid blank has been 

softened to a sufficient degree to fill them up 
by the internal pressure. An absolutely steam- 
tight joint is thus easily obtained auto¬ 

matically. On the outer flange of the cap 
is usually engraved, negatively, the title or 

theme of the record, which, when pressed, 
appears in raised letters on the end of the 
record itself. Or, by way of alternative, a 
ring, electro type cl from a similar positive en¬ 
graving, may be inserted, in a space provided, 

which, after pressing, will appear as incised or 

embossed letters, and which may be filled in 
subsequently with white paste as described in 

connection with wax cylinder records. The 
clamping screw of the press yoke should be 
male centred and adjusted to screw down 
into a female centre on the outside of 
the cap. 

With regard to the production of steam for 
pressing these records, a io h.p. multitubular 
boiler will be found to be, adequate for the 
continuous supply at about ioo lbs. per work¬ 

ing day of, say, ten hours, making a moderate 
allowance for waste. Such boilers are fur¬ 
nished with injectors, as a rule, to keep up 
the supply of water, automatically. The 

amount of fuel per week to run such a boiler 
would be about if tons of coke, and some¬ 
thing less than that amount if coal is used. 

Five thousand records per week could easily 
be turned out with this accommodation, with, 
say, a score or less of presses constantly in 
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use. The best average steam pressure for the 
standard cylinder records is 60 lbs, to the 
square inch, which can be regulated in a 
simple manner and indicated by a Bourdon or 

Jackson gauge made for this purpose. 1 he 

Fig. 47.—Air Compressor. 

exact length of time for the steam to remain 

in the record chamber must be a matter for 
experience alone to determine, as different 

materials require different pressures. Different 
substances of the self-same material will also 
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require a variation in pressure. A good aver¬ 
age time I have found to be three minutes or 

under, after which, and when the steam is shut 
off, the compressed air should be admitted. 
The air pressure very naturally should be the 
same, or approximately the same, as that of 

the steam. There need be no limit of time 
for the air to remain in the chamber, as the 

only object of introducing it is to cool and set 
the record before it can be extracted from the 
matrix. But this involves the cooling not only 

of the celluloid tube, but the matrix also. The 
water bath I devised and previously referred 

to affects not only this latter object quickly 
and effectively, but facilitates the process of 
extraction enormously, as well as producing a 

closer surface. 
The type of air-compressor, power-driven, 

which it is desirable to employ, is that illus¬ 
trated in Fig. 47, This is one of the very 
excellent single-stage compressors manufac¬ 

tured by Messrs. Peter Brotherhood, of Peter¬ 
borough. The illustration shows the machine 

with electric motor mounted on a portable 
bedplate, the latter forming the receiver. These 
compressors are also made with fast and 
loose pulleys, and may be operated from 
shafting, with steam as the source of power, 

if desired. I have found the Brotherhood 
compressors to be very reliable in every way. 
A tank for water cooling by circulation forms 

part of the arrangement, and greatly aids 
the working efficiency of the compressor in 
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producing its maximum delivery. Fig 48 
shows a section of the compressor (No. 66 
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Fig. 48.—Sections 

single acting)* which, although much reduced, 
will serve to explain its construction and 
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operation, and I should express my indebted¬ 

ness to Messrs. Brotherhood for their courtesy 

in sending me the drawing with the liberty 
to reproduce it 
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CHAPTER XV. 

RECORDING SOUND BY AGENCY OF LIGHT* 

A completely revolutionary innovation has 
been introduced by numerous investigators in 
the same field of research, having for its object 
the making of sound records by photography. 

Quite a number of patents have been taken out 
in this direction. Foremost in the practical 
application of the idea was Mr. C. J. Cooke, who 
secured a patent for an apparatus in igoi, the 
scheme of which is shown in Fig. 4g. A re- 
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cording diaphragm (a) has a mirror (b) mounted 
in the centre thereof, and a focussed or con¬ 
densed beam of light is made to fall upon the 
latter, which is reflected at right angles on to a 
protographically sensitive film (c) attached to 
a drum, which is capable both of rotation and 
transverse motion in the manner common to the 
earlier tin-foil machines devised by Mr. Edison. 
In a modification, two mirrors mounted at an 
angle are employed, the light being reflected 
from one on to a stationary mirror and then 

back on to the second vibratory mirror. The 
specification provides for the disc as well as the 
cylinder form of record, and the sensitive films 
were prepared of bichromatised gelatine, which 
could be used to produce a negative stereotype 
or to prepare an etching-resist on a metal sur¬ 
face. The reproduction of the record was 
effected with an ordinary diaphragm, or could 
he done by means of the compressed-air relay 
system. The Provisional Specification refers 

also to the use of the older chalk reel telephone 
as a reproducer actuated by the stylus, and also 
to copying the original records by means of 
follower and graver stiles for making an etch¬ 
ing surface. 

An advance was made by Mr. Pletts in 1003. 
The variations in intensity of a beam of light 
caused by a vibrating membrane are registered 
on a sensitive plate and are reproduced by re¬ 
flecting or refracting a beam of light through 
this record on to a selenium cell in a telephone 
circuit (see Fig. 50). A parallel beam of light 
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may be simply reflected from a diaphragm, or 
to the diaphragm (ds) may be attached a screen 
(e), parallel to which is another fixed screen. 

Both screens are furnished with narrow slits per¬ 
pendicular to the direction of vibrations of the 

membrane, whereby the intensity of a light- 
beam emerging through the screens is varied. 

The beam is then focussed on to a sensitive plate 
(k) contained in a dark box. This plate is 
screwed down on to an axle (i) working m a 
hinged support (h); or, in the absence of a cen¬ 
tral hole in the plate, the support (h) is formed 
with two arms carrying rotating spindles, and 
both spindles are furnished with pads to grip 

RECORDING SOUND BY AGENCY OF LIGHT. 23i 

the elate. To the spindle (i) is fixed the pinion 
(j) which is driven from the jack (34) through 

the gear wheels (j r and 33). The support (h) 
is pulled over on its hinge by an adjustable 

spring (n), and the combined motion of the 
plate (k), due to the swinging of the support (h) 
on its hinge and to the rotation due to the jack 
(34), causes the point of light on the plate to 
trace a spiral path, the shape of the spiral being 
determined by the gear-wheels and the curvature 

of the 3ack (j^). The latter is hinged at (j5) so 
that it may be thrown out of gear with the wheel 
(j3) to allow the support (h) and the plate (k) 
to be brought back into the starting position as 
required. By these means a permanent record 

is secured in the form of a line of varying 
opacity by developing the plate, and the sounds 
may be reproduced by focussing a beam of light 
on to a selenium cell (r) in circuit with a battery 
from an opaque record, as in the lower Figure; 
or transmitting it through a transparent record 
on to a selenium cell CO in circuit with a battery 

(v) and telephone (t). 1 
A later variation in methods of sound-photo¬ 

graphy was devised by Mr. William Holden, a 
patent for which was taken out in the joint 
names of Holden and Hansard. Mr. Holden 
entrusted the working model of his apparatus to 
my care some years ago with a view to further 
experiment and possible development. The 
novelty of the invention mainly consisted in 
substituting an oscillating beam of light for the 
fixed beam of the earlier inventors which was 
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accomplished by positioning means causing the 
beam of light to move in a direction non-coin¬ 
cident with the direction of movement of the re¬ 
cording Elm, the advantage of which is that the 
whole surface of the film may be utilised and 

the speed of movement considerably reduced. 
1 hus a ribbon may be recorded m zig-zag 
fashion to employ every portion of the material, 

which would be of great value in connection 
with synchronous cinematographic and phono¬ 
graphic Elms. The reproduction of the records 
might be effected, as suggested, by the agency 

of the selenium cell, which has the property of 

varying its electrical conductivity in proportion 
to the degree of light to which it may be ex¬ 
posed, and giving rise to sonorous vibrations 
correspondingly. The greatest difficulty, how¬ 
ever, that has so far attended the operation of 
the selenium cell scheme, is the microphonia re¬ 
in v, which has proved anything but satisfactory. 

The infinitesimal resistance offered to a vibra¬ 
ting diaphragm by the photographic system is 
indeed an enormous advantage in recording 
methods, but this is completely offset, m the pre¬ 
sent stage of progress, by the want of a com¬ 
plementary reproducing system. 
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CHAPTER XVI. 

THE TELEGRAPIIONE. 

In connection with processes for recording 

sound waves, it will be interesting to recall 
that ingenious apparatus invented by Val de- 

mar Poulsen, of Copenhagen, called the “ Tele- 

gr a phone” Of all the systems in vogue, this 
indeed seemed to promise the fulfilment of 
the most scientific expectations, inasmuch as 
the usual mechanical drawbacks associated 
with the earlier cutting and duplicating pro¬ 
cesses were to all intents and purposes absent. 
But after many years of experiment it has been 
found impossible to adequately reproduce the 
records made upon this principle; and it has, 
in consequence, like the photophone process 
dealt with in the previous chapter, been at least 

temporarily abandoned. In the course of elec¬ 
trical development in the future, it is within the 
bounds of possibility that someone may dis¬ 
cover the missing link 

By the aid of the Telegraph one* the human 
voice and other sounds are recorded by means 

of electro-magnetism, upon a coil of steel wire, 
or, by way of variation, upon a perfectly smooth 

and thin steel disc, without indentation or 
visible marking of any kind, and without the 

aid of any agency other than the mysterious 
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and invisible influence of electro-magnet ism. 
Once made, the record is absolutely indestruc¬ 

tible, and can be reproduced indefinitely with¬ 
out the least observable variation; and the 

further utility inheres in the system that, if it 
is desired to obliterate a record so made in 
order to use the wire or disc over again, it can 
be instantly expunged by the simple applica¬ 
tion of another magnet For home recording, 

and numerous other purposes of commercial 
utility, the system offers extraordinary advan¬ 

tages, and it is disappointing to know that, up 
to the present time, the volume of sound repro¬ 
duced from such records is no greater than that 
emitted from the ear-piece of the ordinary tele¬ 
phone Prof. Silvanus Thompson, F.R.S., has 
borne testimony to the extraordinary perfection 
of articulation reached by this instrument, but 
it must be remembered that when volume of 
sound is not the predominant consideration, it 
is possible, by the older cutting method upon 
wax blanks, to produce the most delicate over¬ 
tones of speech and qualities of timbre. 

The ordinary discs in common use are made, in 
a great measure, to supply a demand for volume, 

consistent with a fair measure of tone-real ism, 
but this is only possible to be done by augmen¬ 
tation, which is nothing more than a straining 

after one effect in an ensemble of effects, and the 

consequence is that with every addition of 
volume per se there is a corresponding reduc¬ 

tion of tone-realism for the simple reason that 
while it is possible to increase noise by magni- 
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fi cat ion (as, analogously, it is possible to 
increase the size of a photograph by enlarge¬ 

ment), it is impossible to increase tone-quality 

in a record, or sharper definition in a photo¬ 

graph, by the same means. 
In recording such discs it is usual to employ 

a simple lever movement, one arm of which is 
attached to the diaphragm of the recorder, the 
other being fitted with a sharp triangular style 

with an acute point, to engrave the record, the 
fulcrum being attached to the recorder frame. 

The two arms of the lever are equal in length, 
and it follows that the amplitude of the sound 
waves are approximately equal to that of the 

diaphragm in motion. But when it comes to 
reproducing these records, we find it to be the 
general practice to extend one arm of the lever 
(that part of the sound box stylus-bar above 
the fulcrum and in direct contact with the dia¬ 
phragm) to about double the length of the 
lower arm and needle combined, the net out¬ 
come of which is that the two arms are not 
mutually responsive. An, enlarged volume is 
obtained by this means, to be sure, on account 
of the abnormal thrust directed against the 
reproducing diaphragm, but this only means 

that a greater irrclation has been set up extrin¬ 
sical ly between the quality and the intensity 
of sound, to the advantage of the latter at the 
expense of the former. The true path to tone- 
realism is not in that direction. 
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CHAPTER XVII. 

REPRODUCING MACHINES AND ACCESSORIES. 

In describing the general principles and con- 
struction of instruments for the reproduction of 
records, I will deal with the cylinder machine 
firstly, that being the first in the order of 
development Pig. 51 represents a model of 
Scott’s Phonautograph,M and P ig. 52 repre- 

Fui. 51. Scott’s “ Phonautograph.” 

sents a model of Edison’s original machine. 

The construction of both, as far as the mandril 
and supports and rotating means are concerned* 
is almost identical, but the methods of obtain¬ 
ing and reproducing records by these machines 
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were quite dissimilar. The one traced a wavy 
spiral upon a lamp-blacked surface of the 
drum, the other indented a surface of tin-foil 
mounted on the drum. In the latter we first 
reach the oractical application of the former, 
and the means to mechanically reproduce 
sonorous vibrations. Mr, Edison automatically 
registered these vibrations as indentions in the 
foil. The foil provided sufficient stability to 

overcome the friction engendered by the 

Fjg. 52.—Edison’s Original Machine. 

resisting stylus of the reproducing diaphragm 
when the latter was put irito contact with the 
record and the record was revolved. 

The greatest difficulty at this stage of the 
invention was to revolve the mandril or drum, 
upon which the foil was supported, with an 
even or regular motion. This became a matter 
of the first importance, inasmuch as the de¬ 
pressions, corresponding with the sonorous 
vibrations as to number in relation to time, 

would be registered unequally or out of their 
correct relation to each other. It became not 
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less equally important, when revolving the 
mandril to reproduce the record, to do so with 
the same regularity, in order that these mechani¬ 
cally repeated vibrations might preserve that 
periodic value or rhythm which is of the essence 
of musical sounds. It is well known that musi¬ 
cal sounds are technically differentiated from 
noises in that the former are produced by vibra¬ 
tions which are regular in their frequency, while 

Fig, 53*-—Edison's u Triumph " Motor. 

the latter are produced by those which are 
intermittent* 

Many attempts were made to overcome this 
difficulty, the water motor ancl the electric 
motor being the first types constructed for this 
purpose. At length, the clock or spring motor, 
introduced by Mr. Greenhill, of London, fitted 
with a delicate governing apparatus, was intro¬ 
duced, being made by my old friend, Mr, Fitch 
(now* deceased), and this was not only found 
to be quite satisfactory, but for all practical 
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purposes has never since been surpassed. Fig. 
53 represents one of the best types of motors, 

yet brought out for cylinder machines, and 

Fig. 54 represents one ot the earliest models of 
German disc motors, which was very popular 

for many years, but which has been improved 
upon considerably by Swiss manufacturers. 

Fig. 54.- “ Excelsior " Disc Motor. 

-Both types of motor, although different in 
design, have one object—viz., the rotation of 
the cylinder or disc record at a given rate of 

speed. 
The function of the train of wheels in these 

respective motors is to control the rapidity of 
motion and ensure steadiness in running. The 
number of teeth in the wTheel and pinions are 
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required to be worked out in relation to the 
actuating power residing in the mainspring or 

springs, and are more or less subsidiary thereto. 
There is no arbitrary connection, however, as 
considerable latitude in the variation of speed 
is permitted by the governors, which may be 

regulated by an adjusting device. To stop the 
motor when the spring is fully wound, it is only 
necessary to adjust the friction brake to its 

lowest point. 
An important matter for motor manufacturers 

to consider is the dynamical relation of the 
actuating spring to the governors. There are 
many motors in the market to-day which are 
otherwise very well constructed, but whose 
governing mechanism is out of balance or pro¬ 

portion to the strength of the spring. The 
object of the governors is the regulation of the 
mainspring, and they must therefore be suffi¬ 

ciently delicate to respond freely and instantly 
to the least variation of pressure by the spring, 

and at the same time be sufficiently strong to 
check any spasmodic movement in the unfold¬ 
ing thereof. The governors, consequently, 
must neither be too heavy nor too light. Their 
size and construction must, of course, depend 
upon several minor considerations as well. 

The longer the train of wheels between the 
spring and the governors, the smaller and more 

delicate must the latter be. 
In the communication of motion by the train 

of wheels there is loss of power at every point 
in the gearing, which is occasioned by friction. 
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Increasing a train of wheels is tantamount to 

decreasing the strength of the actuating spring, 
and vice versa, other things being equal. A 
very serviceable train of wheels for a cylinder 
machine motor is five, including the governor 

Fig. 51.—Plan of Edison “Standard” Phonograph Motor 

shaft. The Edison £< Standard phonograph 
motor, illustrated in Fig. 51 shows the arrange^ 

ment in plan, the first wheel (connected to the 
mainspring spindle) having 95 teeth, which 
engages with a pinion on the second shaft 
having 15 leaves. The wheel on the same 
shaft has also 95 teeth, and the pinion on the 
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third shaft has 15 leaves. The wheel on this 
shaft has 88 teeth, which engage with a pinion 
on the fourth shaft having 13 leaves. The 
wheel on the same shaft has 124 teeth, and this 
wheel meshes with the governor shaft pinion, 
which has 17 leaves* 

Fig. 52. Worm-Gear Shaft. 

It will be seen that a pulley is attached to 
the fourth shaft, the object of which is to 
operate the record mandril, which is furnished 
with a similar pulley, the motion being trans¬ 
ferred by means of a belt 

A variation might be made in the governor 
shaft by the adoption of a helical screw— 
sometimes called a worm-gear—spindle engag¬ 

ing with a diagonally-cut wheel (preferably of 
fibre) on the pulley shaft. In that case the 

third gear should be eliminated Greater 
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power is required to drive a train with this 
type of governing appliance, but the action is 
more steady, and back-lash is obviated The 
pinion governing shaft must of necessity be 
mounted parallel with the other shafts in the 
train, as shown in Fig* 51, but the worm-gear 

arrangement must of equal necessity be 
mounted on supports giving it a rectangular 

position, as will be seen in Fig. 52. 
On the reverse side of the spring drum or 

case it will be necessary to connect a toothed 
wheel which has en¬ 
gagement with a pinion 
or smaller wheel at¬ 

tached to the winding 
shaft. Mounted 011 the 
disc toothed wheel re¬ 
ferred to, a ratchet 
wheel should also be 
firmly fixed, over' which 

sh o 111 d t r ai 1 a st eel 
pawl to prevent recoil 

whilst winding up the 
Spring. Its office is also 
to keep the spring at 
tension* A side view is 

Fig. 53,— Ratchet and 

Pawl* 

shown in Fig* 53. 

The wheels of a motor are best cut from 
brass, and the pinions from steel. When the 
latter arc made of brass they are not durable, 
and easily become distorted by the strain put 
upon them. Having a greater number of revo¬ 
lutions to make, they will wear clown far more 
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quickly than the wheels, and give rise to dis¬ 
agreeable noises when running, which should 
always be avoided as much as possible. 

■ It will be obvious that the governing appli¬ 
ance is one of the most important parts of any 
motor, and requires very careful adjustment 

It will be realised that, in the absence of the 
governor shaft, the mainspring, when wound 
up to its fullest extremity and suddenly re¬ 
leased, would exert its power to unwind itself 

with great rapidity, and thereby set the last 
shaft in the train revolving with extraordinary 

velocity. The object of the governor is to 
check this rate of progression, as well as to 
regulate the motion conducted by the wheels. 
This check on motion is accomplished by the 
friction brake pad, which gently impinges 

against the friction disc. Two, three, or some¬ 
times four balls or weights are employed, 
being attached to an equal number of flexible 
steel blades or springs, and in mounting these 
balls it is necessary that they shall be central,, 
so that in their centrifugal swing they shall 
describe precisely the same circle. It is also 
equally necessary that they shall be of pre¬ 
cisely equal weight, size and shape, in order 
that a correct balance shall be maintained and 
the air resistance made equal. The ends of 
the springs should be mounted on two metal 
bosses by small screws. The bosses should 
have sleeves to fit over the governor spindle. 
The shaft, pinion or helical, and one boss 
should be practically one, being relative 
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fixtures, but the other boss should be provided 
with an extra long and free sleeve to permit 
of its ready displacement under the influence 
of the expanding springs and balls whilst in 
motion. A lever or spring, to which is con¬ 
nected a brake-pad, should engage with the 
outer area of the friction disc, which governs 
its velocity; and the rate of speed may easily 
be made constant by means of a guide, the 

most convenient form of which is a threaded 
rod with a milled head, which can be easily 
manipulated to vary the speed as desired. 

I he operation of the governor is as follows: 
The pinion, on receiving its motion from the 

fourth wheel in the train, rotates the balls, 
because the springs which hold them are firmly 
fixed to the one fixed boss on the shaft As 

motion is imparted to the pinion, the increased 
motion of the balls causes them to fly out¬ 
wardly. This centrifugal tendency has the 
effect of drawing the other boss, which is one 
with the friction disc plate, towards the centre 
of the shaft, since it is ’quite free to slide in 
that direction only. In order to restrain this 
movement, the brake-pad is brought into play, 
and on pressing against the disc plate simply 
counteracts the centrifugal tendency to any 
desired extent by regulating the brake-pad. 
I he brake-pad must be rigidly supported on 
the frame which carries the wheel train, and 
it is highly important that the friction disc 
plate shall be turned true and be set at a 

right-angle to the line of the shaft, otherwise 
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the government of the motor will never be 

regular. 
In mounting the governor shaft, it is highly 

desirable that it should be supported by steel 
centres or very accurate pivots, on account of 
the excessive speed which the shaft is required 
to make, so as to avoid side-shake or other 
foreign movement, which will seriously affect 
its capacity for doing good work. Indeed, 
more care should be bestowed upon the 
governor mechanism than any other part of 
the motor. It will be almost superfluous to 

point out that all the shafts in the train should 
be in perfect allignment with each other to 

ensure free and easy running. 
The governing of the motor is important, 

because the mechanical motion of the record 
must necessarily be made with the same un¬ 
erring regularity as that of the blank on the re¬ 
cording machine. A variation in rotation speed 

will only affect the pitch of the tones, but a 
variation in the motion or rotation itself will 
be fatal to the production or reproduction of 
any real tone. Given a certain number of 

vibrations per second, the diaphragm and 
stylus which communicate them to the blank 
must move, in order to permit of their un¬ 
interrupted registration—or, as a mechanic 
would say, for clearance. Vibrations are 

theoretically constant, and therefore, if the 
blank be moved slowly, the wave-markings 
will be closer to each other than if it be moved 
or rotated more rapidly. This question of 

REPRODUCING MACHINES AND ACCESSORIES. 247 

length of wave, determined by the motion of 
the registering medium, has more to do with 
the effect of tone than with the principle of 
motor governing, yet it is necessary to under¬ 
stand the periodic character of sound vibrations 
in order to more fully grasp the need for a 
recording and a reproducing machine to govern 
as perfectly as possible. It will be quite 
obvious from these observations that the 
cylinder or disc blank will register equal vibra¬ 
tions unequally, as related to each other, if the 
motion of the blank is not strictly regular. 
Vibrations which occur with perfect periodicity 

will be registered upon the blank without being 
equidistant, and the effect on their reproduction 
—however perfectly the reproducing machine 
may govern—will be to produce an entirely 
false tone. If the record itself be quite perfect 
in this connection and the reproducing machine 
does not govern properly, precisely the same 
result will occur. Manufacturers of records 
pay very great attention to the governing 
apparatus of recording machines, and r.pare no 
pains to get them as perfect as possible in this 
respect. It is equally important that repro¬ 
ducing machines shall be adjusted with the 
same accuracy in order to secure satisfactory 

results. 
Reverting to the points of construction in 

cylinder machines, we will consider what is 
known as the " body/’ or upper portion, which 
contains the mandril and supports, together 

with the reproducing mechanism, I he original 
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scheme of moving the mandril and record 

laterally as well as rotating the same while 
the reproducer was mounted in a stationary 
position was soon discarded for the more 
practical or commercially economical method 
of moving the reproducer across the face of the 
record while in course of rotation. The same 
result was accomplished more easily by means 
of a sliding carrier, to which was affixed a 
half feed-nut, and which, in turn, engaged 
with a feed screw equal in length to the record 
surface. Whether this form was suggested by 
the general types of screw-cutting lathe, I know 
not, but all that is embodied in the one is con¬ 
tained in the other. 

Hie original standard cylinder record thread 
or track was arbitrarily established by the early 

manufacturers as 200 to the inch—although 
some early Edison records were made with 
double that number of threads to the inch, I 
have before referred to the more recent Edison 
achievements in 200 thread recording, which 

arc known as “ Amberols.” Being duplicated 
in celluloid, they have the advantage of dura¬ 
bility as well as delicacy in tone, which their 
earlier wax prototypes did not possess. The 

Columbia Graphophone Company wTere first to 
market a cylinder machine to accommodate 
wax records, and the reproducer carriage was 
actuated by a feed-screw, geared with the 
mandril, to ensure a lateral motion to the 

reproducer corresponding to the track of the 
record. f he thread of the feed screw being 

mandril would advance the reproducer carrier 
one-hundredth of an inch. See Fig. 54, 

The Edison machines of the cheaper types 

were arranged in like manner in this respect, 
but a far better principle was employed by 
Mr. Edison in his (t Home,” M Triumph,” and 
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cut as 50 to the inch, it was only necessary 

to gear the spindle at two to one from the man¬ 
dril to ensure that each revolution of the 

Fig, 54.— Phonograph Feed Gear, 

Fig, 55*—Edison “Home’1 Machine Body. 

Concert ” types of machine, consisting in the 
feed screw and mandril being one. The thread, 
of course, was cut or otherwise made at 100 
threads to the inch. Gearing was thereby dis- 
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pensed with* the movement was more even, and 
all possible backlash was avoided. See tig 55, 

The disc machine, originally introduced by 

Emile Berliner, was operated in reproduction 
by a trailing device, by means of which the 
sound box (which corresponds to the repro¬ 
ducer of cylinder machines) was carried across 
the record with a swinging arm, freely pivoted. 

The more durable nature of the disc record 
composition enabled this to be don:? without 
great damage to the record, unlike the early 
cylinders, which were made of comparatively 
soft wax, A further modification ol this IraiT 
mg method was introduced some years ago, in 
what is now well known as a tone-arm, which 
enables the horn, by the use of a rigid bracket, 
to be supported rigidly without need of move- 
menu It was found that, apart from the matter 
of greater convenience, the tone arm had a 
sensible effect upon the reproduced tone, which 
improved it as a whole by suppressing a great 
deal of the minor mechanical defects incidental 
to the methods of record production. 1 he tene- 
arms were made of metal throughout, but I 
found .by experiment 111 ai a greater 1 mprove- 
ment was effected by the employ men t of a 
closely grained wood tube between the sound 
box and the second elbow, especially if its 
interior was coated liberally with a solution 
of shellac. This innovation materially 
eliminated a metallic character from vocal 

reproductions, and gave a beauty to orchestral 
and string reproductions which were entirely 
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artificial in other circumstances, the metallic 

connections of the arm just supplied all that 
was necessary to preserve that amount of 

brilliance without which a really good repro¬ 
duction is considered to be deficient. See 

Fig. 56, 

fui, 56.—Seymour Tone-Arm (Type A.) 

Although the general design of cylinder 

machines has remained much the same hom 
the original models, there have been endless 
variations in the externals of the disc machines 
in late years, particularly since the introduction 
of what is known as the “ hornless or 
“ cabinet " type. Every conceivable style of 
furniture effect has been exploited—as though 
people were ashamed to possess the real thing 
_to impart attractiveness to the instrument. 

It is true that these machines of the concealed 
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horn variety have imparted a new character of 
tone to the gramophone, perhaps the most 
noticeable feature of which being the reduc¬ 
tion of record surface noises by the arrange¬ 
ment of a lid to close down over the record 
and tone-arm. This feature certainly has its 
value, but the free, open tone of the horn type 
of instrument has been in a large measure 

sacrificed to the exigencies of the inverted 
tone-arm and amplifier, which latter is usually 

covered in and rigidly fixed at its largest 
extremity to the walls of the cabinet. The 

bad practice of this arrangement in construc¬ 
tion is at once obvious in the reproduction of 

vocals, which invariably lowers the pitch of 
the voice and produces a boxed-up contortion 
of the human voice. In the case of stringed 
instruments, however, it must be confessed 

that this artificial reverberation adds pon¬ 
derosity to the tones, which generally suffer 
from weakness in the recording. In both 

recognised types of machine'—the horn and 

the inverted amplifier types—therefore, there 
are both advantages and disadvantages. 
What is desirable, in my opinion, is a new 

form of machine, constituting a mechanical 

synthesis of the two aforementioned types, 
and providing all the advantages of the one 
without the disadvantages of the other. 

The <£ Superphone M is an instrument which 

I have designed and constructed on the lines 
suggested. It is a horn machine, properly 
speaking, but when the horn and resonating 

I 
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tube are removed and put away when not m 

use, there is nothing about it to suggest the 

gramophone, inasmuch as the usual appurten¬ 
ances of the conventional instrument are com- 
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pletely concealed, as will be seen by a glance 

at Fig. 57. Instead of the cumbersome 
tone-arm bracket, an iron casement is fitted to 

the back of the cabinet, which covers in the 
tone-arm below the level of the lid (and is 

consequently out ol sight), and to which the 
resonating tube and horn can be simply and 

instantly attached. The lid is hinged, and 
covers in the record, tone-arm, and sound box. 
I have made application for a patent in respect 
of this arrangement of gramophone and phono¬ 

graph construction, and the simplicity of the 
idea is such that It is capable of an extensive 

variety of designs as far as the cabinet itself 

is concerned. 
It would be out of place for me to enlarge 

here upon the merits of this combination, but 

I may say that the results have fully realised 
mv expectations. It at once presents the free 
and open tone of the horn machine without 

the usual raspiness and blatancy which in¬ 

variably characterise horn machines. It 
diminishes surface noises to the minimum with¬ 

out diminishing in the least any volume in 
the record : i he inverted horn machines reduce 

both correspondingly. Moreover, I have 
noticed a considerable increase in its carrying 

power, that is to say. In its capacity to be 
heard at a greater distance without the 

character of tone being changed, and I attribute 
this to the separating process with regard to 

the surface noises. In the usual construction 

of horn machine, there are, obviously, two 
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sources of origin with regard to surface noise: 

one being that caused by the contact and fric¬ 
tion of the stylus with the hard record surface, 

carried to the reproducing diaphragm, and 
necessarily transmitted through the horn; the 
other, that caused by the same thing and setting 

the free air in disturbance outside the horn. 
By suppressing this second source of foreign 

noise, as is effectually done bv a simple cover¬ 
ing lid, there is a remarkable increase in the 

purity as well as in the volume of tone emerg¬ 
ing through the horn, which is due to the 
removal of acoustic discordance to this extent. 

To be sure, this advantage has been achieved 

in some measure by the inverted horn machines, 

but not nearly to the same extent, from which 

I conclude that the inverted tone-arm and 
horn arrangement is bad in principle. I have 

made very careful- comparisons in result with 
the two types of instrument, using the same 

sound box with each, as well as amplifying 
device of the same configuration, size, anti 

material By also using the same record and 
same room (for different 'rooms have altogether 

dissimilar acoustical properties), T did every¬ 

thing possible to equal the conditions, but the 

inverted horn machine was a very poor second 

in the match. 
Now, according to the generally recognised 

authorities on acoustics, sonorous vibrations 

are propagated in all directions from their 

point of origin. If this were so, the machine 

with the inverted horn would not be inferior 
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to that with the ascending horn. How is this 

discrepancy between theory and fact to be 

explained ? 

The horn machine illustrated in Fig 58 is 
one of the popular models of the Gramophone 

Fig* 58,— A Gramophone Co, Model. 

Co., and serves to show the generally 

recognised principle of design adopted in horn 
machine construction* There are many minor 
variations, of course, in the accessory equip¬ 

ment of horn machines. The special feature 

of the Gramophone Co.'s machines is the 
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swan-necked tone-arm, which enables the sound 

box: to be easily turned upside down to facili¬ 

tate the change of needles as required. In 
addition to this utility, it has the effect of 
analysing composite sounds and of reducing 

objectionable harshness in some records, so 
that it may be called a resonating device in 
one form. Obviously, other means would 

accomplish a like effect, but improvements in 

the mechanical production of records would 
render all such devices superfluous. 

The 44 Exhibition ” sound box, which is 

also part of the equipment of the Gramophone 
Co.’s instruments, has some very good 
points, notably its capacity for 44 attack,’1 due 

to cross stylus tension springs and compara¬ 
tively small diaphragm, but this is an 

advantage in one direction which is offset by 
a disadvantage in another—the failure to pro- 

Fig. 59, — Exhibition $ouni>-Bqx. 
\ 
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duce breadth of tone. On the other hand, 

sound boxes fitted with excessively large 
diaphragms are able to deliver a corresponding 

Fig. 60,—-A Columbia " Grafonola*” 

fulness of tone at the expense of clean defini¬ 

tion. 
The subject of sound boxes and reprodu¬ 

cers will be dealt with in a special chapter. 
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being one that calls for more than casual 
treatment, for upon the merit of this in¬ 
dispensable accessory depends nine-tenths of 

what goes to make up a really good reproduc¬ 

tion of any record. 
All the leading manufacturers vie with each 

Fig. 61.—Pathe's “New Colonial.'1 

other in producing cabinet instruments in the 
most elegant designs. The Columbia Grafonola, 
No. 2J} fitted with adjustable shutters for vary¬ 

ing the reflection of sound, and a cupboard 
beneath for the storage of records, is a product 

of considerable taste. (See Fig, 60.) 
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Messrs. Pathe Freres have introduced a some¬ 

what unique type of instrument, known as the 
4£ New Colonial/1 with a novel means of 

throwing the sound waves through an inverted 

tone-arm against a parabolic reflector which 

reverses their direction. This model has the 

advantage of portability and compactness, and 

Fig* 62.—Ax Edison [t Aaiberola.” 

being made of metal throughout, is brighter in 

reproduction than most other instruments of 

the inverted horn variety* (See Fig. 61.) 
The Edison Co.’s instruments are now 

exclusively made with inverted tone-arms and 

amplifying horns, the horn types having been 
abandoned to meet the demand for this upside- 

down state of affairs* This applies both to the 
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cylinder and disc machines. A cylinder 

“ Amberola " is shown in Fig. 62. A decided 
advantage in construction, however, lies in the 

suspended internal horn, which effects, to a con¬ 
siderable extent, the removal of muffled tone 

so characteristic of inverted horn machines. 

\ 
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CHAPTER XVIII, 

REPRODUCERS, SOUND BOXES, DIAPHRAGMS, 

The subject of reproducing apparatus, which 
includes the reproducer or sound box, as well 
as the amplifying horn, next merits attention, 
and so varied and extensive is the range in 
character and materials employed in the con¬ 
struction of these that only those will be con¬ 
sidered at length which have been found by 
experience to be really successful. The cylin¬ 

der-machine reproducer was the original type 
of transmitter, and, with the necessary varia¬ 
tion in the means to agitate the diaphragm, the 
latest types of disc-machine sound box are con¬ 
structed upon the same leading principles. 

The diaphragm is, of course, the most im¬ 
portant factor in a reproducing appliance. The 
4< shell M or casing, in which the diaphragm is 

fitted, may be made of almost any hard sub¬ 
stance, but metal is almost invariably used 
because of its greater convenience in attaching 
the minor fitments, as well as adding brilliance 
to the sound, when compared with the less 
dense materials, such as vulcanite, fibre or 
wood. The shell is merely a very shallow box 
with an outlet in the centre, usually made cir¬ 
cular, of which the diaphragm, rigidly sup¬ 
ported in an annular recess between two rubber 
rings or washers, called gaskets, constitutes the 
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lid so to speak. A connecting stylus must be 
connected to the centre of the diaphragm, m 
order that the undulations or sinuosities of the 

record in motion may affect and vary the move¬ 
ments of the stylus which transmits them to the 
diaphragm as variable thrusts. It will natur¬ 

ally follow from this that the larger the am¬ 
plitude of the sonorous waves in the record, the 

greater will be the thrust, and hence the 
greater the volume of sound emitted in the 

reproduction. 
The Edison reproducers are constructed with 

a lever, one arm of which is provided with the 
stylus to engage with the record, the other be¬ 
ing connected by means of a link to the dia¬ 

phragm centre. 
yy glance at big. 63 will show the general 

construction of the latest Edison reproducer in 

side elevation partly in section, and a bottom 
plan view thereof. The reproducer comprises 
an annular member I with an extension T and 
an upper conical member 2 provided with a 

neck 21, the periphery of member 2 being 
secured between two rings 3 and 4, threaded 

into the interior of the annulus 1. The dia¬ 
phragm 5 is placed between rubber gaskets 6 
and 7, which are held securely between the 
ring 4 and a third ring 8 threaded into the 
bottom of the member 1. The stylus 9 is 
mounted in a lever 10 rotatably supported on a 
pivot 11 which is mounted at its ends in spaced 
bearings 12 projecting downwardly from the 
lower surface of the weight 33. The floating 
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weight is connected to the outer end of the ex¬ 

tension I1 by a spring 14 or other suitable resi¬ 
lient member, and swivelling means are pro¬ 
vided in screws 17 securing a pivoted member 
iS loosely fitted in a vertical opening in the 
outer end of the arm 1. The numeral ig repre¬ 

sents washers inserted between the screws 17 
and the head of the member 18, and the name- 
ral 20 a mu for securing- the pivot member 18 
in place. 1 he swivelling or pivoting of the 

floating weight enables the stylus to closely 
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track the centre of the record groove, which is 
very important for eliminating foreign noises 

due to side-shake. Secured to the front of the 
floating weight is a loop 21 having an upper 
portion 22 in the shape of an inverted V, this 
latter portion being adapted to be engaged by 
a pin 221 secured to the front of the member 1 
to centre and support the floating weight when 
the reproducer is raised by the carrier aim 

after operation. 
An important feature of this reproducer, 

which is certainly one of the finest yet brought 
out for use with indestructible records, is its 

somewhat novel diaphragm, being composed of 
thin sheets of Japanese paper shellac-glazed, 

with a smaller disc of cork affixed to its centre 
on the under side. In place of the older metal 
link connecting the stylus -lever to the dia¬ 
phragm adopted by Mr. Edison in his earlier 
'phonograph reproducers, a link of cotton is 

employed which effectually removes any metal¬ 
lic character from the reproduction, and im¬ 
proves tone correspondingly, leaving the dia¬ 
phragm alone free to translate any metallic 

quality of tone which may be of the essence of 
the record, and not something ab extra. It is 
claimed that by the adoption of a relatively 
thick centrepiece of cork, as referred to, that the 
diaphragm is not subject to strains which per¬ 
mit local buckling when vibrations of large 
amplitude are emitted. I have found, however, 
that a diaphragm composed wholly of com¬ 
paratively thick cork possesses the same pro- 
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perty of smoothly reproducing vibrations of 
large amplitude, with wonderful clarity, when 

used with a stylus mounted in a dome in the 
floating type of cylinder reproducer. As a 

means to obviate diaphragm buckling, it is dif¬ 
ficult to- imagine a more satisfactory mechani¬ 

cal arrangement than that which is embodied in 

the construction of the Edison reproducer as a 
whole, but I am not quite sure that it is really 
desirable to fake measures for the prevention 
of this alleged extraneous movement. Indeed, 

I am inclined to believe that all reproducers' 
and sound boxes of the simple types largely 
depend for their efficiency upon this very prin¬ 
ciple of buckling the diaphragm. In fact, the 
ordinary disc sound box diaphragm, which is 

actuated by a stylus bar whose fulcrum is a 
fixed point outside and independent thereof 
must necessarily be buckled in a continuous 
manner when in operation, inasmuch as the 
stylus bar, having a lever motion, can only de¬ 

scribe an arc in its backward and forward work¬ 
ing, and therefore must strain and buckle the 
diaphragm accordingly. 

As long as a materia] for the diaphragm is 
sufficiently elastic to recover, in other words 

possesses the ability to resume its normal plane 
lorm after each vibratory thrust, that is all that 
is necessary to ensure a good reproduction as 
tar as the diaphragm element is concerned. 

ft is quite certain that the mere motion of a 

niphragm, to and fro, or inwardly and out- 
wardly, produces no sound audible to the 
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human ear, and that the essential thing is to 
communicate shocks to the diaphragm by me¬ 

chanical means, of which the diaphragm 
motions referred to are merely the incidental 
effects. Now, since the track of a record (acting 
us a cam to sway the stylus in opposite direc¬ 

tions, corresponding to the double motion of 
sound waves, in their varying amplitude and 
frequency) does this with considerable smooth¬ 

ness, it follows that the shock or thrust is due 
to other causes than the mere contact of the 
stylus with the record. Doubtless the extreme 
rapidity of motion in opposite directions is re¬ 
sponsible for much molecular disturbance in 
the communicating substances employed, but 

by far the greatest change is effected in the 
molecular displacement of the diaphragm sub¬ 
stance, which, being encased in a resonating 
chamber, or shell, is powerfully augmented for 
the production of sound. It js this fact which 
renders some materials better than others for 
diaphragm use, A very thin indiarubber dia¬ 
phragm, mounted in a rcprqducer or sound box 
shell, would move inwardly and outwardly just 
as perfectly as any other by the action of the 
stylus, but very little sound would be generated 
by a diaphragm of this character. 1 he best 
diaphragms, consequently, are those made of 
hard, elastic substances. Glass was originally 
employed for this purpose almost exclusively, 
both for recording and reproducing, and no¬ 
thing has yet surpassed it for brilliance and 
effective elasticity. Its extreme fragility, how- 
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ever, has put it out of use for reproducing pur- 

poses, talc or mica having largely taken its 
place. In some respects this latter-named sub¬ 
stance has superseded glass, owing to its more 
sluggish movement and consequent broader 
tone which it emits. Further, it is less liable 

Hi;. 64.—Seymgir Cylinder Reurodccer. 

(Carbon Diaphragm.) 

to damage by careless handling, and is more 
commercial/' Being laminal in structure, 

however, it is liable to split at the least provo¬ 
cation, and is therefore less constant in its 
effects than glass. I have not heard that any¬ 

one has experimented with the production of 
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glass compositions containing metallic ingre- 
dients, but 1 am convinced that an excellent 
held of research lies in the direction of malle¬ 
able glass for diaphragm use. In the early 
nineties I introduced baked carbon sheet lor 
the purpose, with remarkable results as to 
strength and fidelity of tone, but a certain cle 
oiency in brilliancy was noticeable. Its greatest 
success was most conspicuous with records of 

large amplitude. 
Sound boxes for disc machines vary con¬ 

siderably in the manner of mounting and ten¬ 
sioning the stylus bar but. the fundamental 

principles of all are the same. The 11 Exhibi¬ 

tion n sound box (see Fig-59) 1S shown Wlth a 
stylus arm mounted on a bridge which rocks 
on two knife-edged studs, being governed by 
two powerful cross springs to prevent excessive 
vibration. This method is probably the best 
form of check action to prevent over-vibration 
and to promote rapidity in recovery of the dia¬ 
phragm, but its disadvantage is the shrill 
character of the tone moulded by this arrange¬ 
ment, and the degree of record surface noises 
developed by this very principle. Moreover, all 
sound boxes constructed with such severe check 

springs have necessarily to be very heavy in 
weight to provide sufficient inertia in the sound 
box mass to allow the diaphragm, and not the 

box as a whole, to move in relation to the record 
markings. I have found that greater volume 
and better tone can be secured by a modification 
of such cross springs, in being free at one end. 
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The employment of a novel substance, which 

I have called Hornite/’ is very successful in 
the combination by enlarging lone while dimin¬ 
ishing the surface noises of records. (See 
Fig-. 65.) 

In mounting a sound box diaphragm, it is- 

Fig, 65,—Seymour (Model A) Sound Box. 

very desirable, that when at rest, it should be 

quite flat, and not be tensioned unequally so as 
to give it either a concave or a convex character, 
for the obvious reason that in either of these 

circumstances the full capacity of the dia¬ 
phragm will be restricted by the strain exerted 

upon one side as against the other. The 
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cushions of rubber, between two of which it is 
placed as rings at the edge, shouidbemoreu 

less flexible or resilient, as it has been found 

that a pliable seating of this character no on y 
answers admirably as a support for the dia¬ 

phragm, but acts as an excellent damping mean 
without, at the same time, having a reducing 
effect. The contact of a rubber cushion with 

the diaphragm at any other nearer is 
centre, or more active area, would cause a con 
si durable reduction of tone, corresponding in 
degree to its position and to its contiguous 
pressure. It should also be particularly borne 

m mind when fixing and adjusting the stylus 
bar upon its rockers or fulcrum, that it should 

be rigid, having the ability only to rock to and 
fro for the purpose of pushing the dmphmgm 
inwardly and pulling it outwardly without the 
least side-shake or other extraneous motion. A 

very small screw is generally utilised to tightly 
connect the end of the stylus-bar to the centre 
of the diaphragm. It is imperative that the 

contact shall be quite fiiin or there will ue a 
great loss of power 3n vibrating the diaphragm 
and a corresponding inferiority m the quality as 
well as in the quantity of sound reproduced. 
It appears to be a matter of small importance 
what material is employed to form the ring or 

frame of the sound box, but a guar tea , 
pends upon the sonorous quality of the sub¬ 

stance which is employed as a back-plate, an 
it is remarkable what a variety of tonal effects is 

capable of being produced by variations in 
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materials, and by variations in thickness. A 
thin back-plate will invariably produce wnat is 
known as “thin/* or shallow, tone, and with 
each thickening up will ensue a corresponding 

solidity of tone, to a certain point. There is 
doubtless a critical limit to be observed, fui it 

it is carried too far in any material sonorous 
absorption will take place and a peculiar ob¬ 
scurity of tone will be apparent. I have found 
that one-eighth of an inch is the best average 
thickness for the purpose, either in metals such 
as brass, white metal alloys, or in the fibrous 
substances. The latter are very absorptive, by 

the way, as compared with the former. They 
yield a richer and more mellow tone on the lower 
registers, but lack brilliancy. On the whole, I 
have found, that certain alloys of aluminium, 
such as “ Fortalium ” and Magnalium/’ are 
superior to brass (the material most commonly 

used) for this purpose, whereas ordinary 
aluminium is extremely “ thin/’ but at the same 
time is very clear or definitive. 

From the foregoing observations it will be 
reasonable to assume that the sound box plays 
as important a part in moulding the character 
of reproduced tone as the record itself. The 
record per se is inert-—it does not contain within 
itself the sound as such, but merely carries upon 
its surface the vibratory marking somewhat 
coincident with the motions of the atmospheric 
waves which produce sound. I say “ somewhat 
coincident M because by the very restrictions and 
limitations of the recording stylus motion, these 
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waves are never wholly or accurately registered 
by the prevailing means employed. At present, 
we are able to utilise line motions only, whereas, 

the waves of sound arc propagated in every 
direction. Much may be and is accomplished 

in practice by concentrating appliances in the 
making of records to supply added robustness 

or volume to sounds which would otherwise be 
weak, not because these sounds are intrinsically 
weak, but because of their greater complexity of 
wave motion. The simple, percussive sounds 

yield by far the most realistic result in record 
reproduction, and that is because such sounds 

are produced by wave motions of a simpler 
order, to which the simple lever actions of the 
recording and reproducer styli are more nearly 

able to correspond. 
The modifications and variations in repro¬ 

ducing means are somewhat extensive. file 

cult of the ts fibre n stylus, as a variant of the 

steel needle for disc sound boxes, has slowly 
but surely developed in recent times, its devo¬ 

tees being mainly those who are averse to ex¬ 
cessive volume at the expense of pure tone witn 

regard to the reproduction, and the employment 

of a stylus of this character is certainly advan¬ 
tageous from the point of view of economy, in¬ 
asmuch as records played by such means are 

virtually indestructible. 1 he idea was origin¬ 
ated by Mr. Frederick Durize Flail, of Chi¬ 

cago, and patents were granted in 1908 (British 

specification numbered 24,932, of 1907)- 1 
novelty of the invention may be summarised in 
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the following; claims set forth in the complete 

specification: " 1. A reproducing needle for 
talking or sound-reproducing machines, consist¬ 
ing of a material of less degree of hardness 

than said disc, and of angular cross section. 

2 A reproducing needle for talking or sound- 
reproducing machines of a vegetable fibre 

material, preferably bamboo, having its end or 
ends cut at an angle to form the operative point 

or edge of the needle* 3* A reproducing needle 
for talking or sound-reproducing machines as 

Fig, GG, 
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claimed in Claim 2, having an angular cross- 
section, the operative portions of which are the 

edge or edges formed by the meeting of the 
sides and ends thereof. 4. A reproducing needle 
for talking or sound-reproducing machines, as 

5Ct forth in Claim 2, in which the outer edge 
i* of harder material than the remaining por- 

Fig ' 67* 

tion. 5 A reproducing needle for talking or 
so und-reproducing machines consisting of 

layers of vegetable fibrous material secured to¬ 
gether and cut to a point or edge, 6. A repro¬ 
ducing needle for talking or sound-reproducing 

machines, substantially as described or as illus¬ 

trated in Figs* 4 and 5 or in Figs. 6 to 8 of 
the accompanying drawings,1’ 
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In order to use the bamboo stylus, which is 

made triangular in cross-section and pointed, 
it is necessary to have recourse to the cutting 

of a triangular hole in the socket of the stylus- 
bar of the sound box, and a glance at Fig. 66 
will show the fibre stylus in position. It is neces¬ 
sary to rcpoint the stylus after each reproduc¬ 
tion, and handy little appliances are on the 

market to do this accurately and instantane¬ 

ously. The s* Wade 11 cutter, an American im¬ 
portation, is a popular type, fashioned like a 
pair of hand pliers, with a triangularly grooved 
guide and a blade set at the correct angle to 
ensure a clean point by its operation. This is 
sold for a few shillings, and some such device 

is almost indispensable to the constant user of 
the fibre stylus. For those who are averse to 
having their sound box stylus sockets cut to ac¬ 

commodate the fibre, a neat little accessory has 
been marketed, having a short needle shank 

projecting from its upper part to insert into 
the ordinary socket needle groove, and having an 
open triangular groove in its body for insertion 
of rhe fibre, which can be adjusted as to the 

degree of projection therefrom. (See Fig. 6y.) 
If an ordinary stylus socket has been cut, as 
before mentioned, to allow of the insertion of 
the fibre needle, it generally loses a great deal 
of its effective value for the use of the steel 
needle, inasmuch as the latter is so much 

thinner or smaller in radius; and, however 
rigidly it may be clamped by the little set 
screw, it has a tendency to " shake,” instead of 
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being firm, which results m an appreciable loss 

of tone. It is always desirable to maintain as 
great a rigidity as possible in the stylus, to 

ensure the best effects in reproduction, and an 

ingenious little attachment brought out by Mr. 

Daws Clarke, of Manchester, known as the 

Needle Tension Attachment, by means of which 
either a steel or a fibre needle is rendered more 
rigid in this particular than ordinarily, effects a 
great improvement in tone, particularly when 

used in conjunction with fibres. (See Fig. 68) 
which shows how the attachment is connected 
to the stylus-bar, the entire pressure of the set 
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screw being exerted, through the steel arm be¬ 

low it, in close proximity to the stylus point.) 
By removing any flexibility which may reside 
in the stylus outside the socket, the volume of 

sound is increased and the tone is rendered 

more firm and definite, for the obvious reason 
that a smaller dissipation of mechanical energy 

takes place between the stylus point and the 

reproducing diaphragm. 
It will be understood that while fair average 

volume may be secured from the disc through 
the medium of the fibre needle, it is not to be 
compared with the ordinary steel needle for 
tonal strength, The source of all reproduced 

sound in connection with cut records and simple 
reproducers is the friction resulting from the 
stylus point and the material or substance of 
the record itself. The old wax cylinders were 

comparatively soft in tone for the reason that 
their material was comparatively soft, even 

though they were reproduced with a stylus as 
dense as sapphire or diamond. In the employ¬ 
ment of fibres in connection with the records, 

the substance of which is exceedingly hard in 
comparison with wax, we reverse the process, 
in a sort of way, and reach a similar result. 
For fibre needle reproduction, therefore, it ap¬ 

pears to be desirable to shorten the lower arm 
of the stylus lever as much as possible, in order 
to render the stylus section as rigid as pos¬ 

sible, as well as to increase the thrust to the 
diaphragm by the amplified leverage. To this 

end I brought out a sound box some years ago 

( 
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with a stylus bar designed to accommodate the 
fibre needle and to render it adjustable, so that 

the point alone could be made to project from 

Fig, 69. 

the socket (See Fig, 6t>) I also registered an¬ 
other form which enables the fibre needle to 
slide behind the upper section of the stylus bar, 
thereby bringing the stylus point nearer in line 

with the fulcrum pivots, which is certainly de- 
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sirable, In a third form I mount the fulcrum 

pivots upon the face of the annular ring of the 
sound box, and by this means secure that the 

fibre is in line with the fulcrum and substan¬ 

tially in line with the upper arm of the stylus 
as well. This form has shown a marked im¬ 
provement in result, and a fourth form, upon 
which I am experimenting on different lines, 

promises still greater improvement. Notwith¬ 

standing this, I am far from convinced that the 
fibre needle method of reproducing records will 

lead to any sort of finality in methods, h or it 
has been repeatedly noticed that only certain 
classes of records reproduce with any satisfac¬ 

tion by means of fibres. Stringed instruments 
and reeds, as well as vocals, especially those of 
the lower registers, are reproduced with their 

natural timbrebut brass bands are seldom suc¬ 
cessful Moreover, the relatively successful use 
of fibre needles requires some degree of skilful 
manipulation, as the points sometimes go down 

before a reproduction is through, on account of 
a bad piece of the cane happening to occur at 

the point. The records with the most open 
track are generally the best for fibres, and used 
in connection with phono-cut records of the 
Pat he type, they appear at their best, and give 
wonderful results in volume with this class of 

record as well as considerably minimise the 
harsh surface noises which are characteristic of 

phono-cut records pressed in the hard shellac 
compositions 
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CHAPTER XIX. 

Sound-Magnifying Devices. 

The microphone is usually but improperly 
identified with Professor Hughes1 discovery of 

the production of acoustic intensity by inter¬ 

posing variations of resistance in a voltaic cir¬ 
cuit, The principle, or rather its application, 

does not magnify sound in the proper sense of 

the word, but changes the strength of the cur¬ 

rent from the proximate source of sound, as, 

for example, a telephonic diaphragm 
Microphones cover a far wider field than the 

electrical, as a matter of fact. But the applica¬ 
tion of the electrical microphone to the phono¬ 
graph or gramophone has never proved a suc¬ 

cess, and the difficulties seem to be insurmount¬ 
able. There have been many attempts to ac¬ 
complish something satisfactory in this connec¬ 

tion, but they have been diostly negative. The 
microphone, as far as my own experiments have 

gone, appears to work fairly well with certain 

orders of sound and not with others. It will 
augment the small sounds in a remarkable man¬ 
ner, but the same constructed apparatus com¬ 

pletely fails to augment the larger sounds m 
the same relative degree. The foreign noises, 

also, due to internal causes which are not easy 

to overcome, are very much greater than those 
engendered by the friction of needle and re- 
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cord in ordinary reproduction. Compressed air 
appliances of the syren type, such as have been 
constructed by Short, Parsons and others, offer 

far greater possibilities of success. Short seems 
to have been the first to employ a jet of air 
under pressure for the reproduction of sound re¬ 

cords, tlie air being allowed to escape by means 
of a minute valve, operated by a lever to which 

a stylus was attached, the undulations of the 
record serving to operate the lever and to regu¬ 
late the valve accordingly. When his machine 
was demonstrated before the Edison-Bell Com¬ 
pany many years ago, it caused no little aston¬ 
ishment, its volume capacity being so great as 

to be heard a mile distant. 
In his British Specification (No. 22,768 of 

iSg8) he describes his invention as relating 

especially to articulate utterance or other 
sounds “ produced by the vibration of dia¬ 

phragms in telephones, telephonic instruments, 
or the like, or produced by mechanical means 
by phonographic instruments, and it has for its 
objects methods of increasing the volume and 

audibility of such sounds, so that they can be 
made audible at long distances.” The method, 
he continues, u consists substantially in the use 

of devices more or less equivalent to the * re¬ 
lays ' ordinarily used in the transmission of 

telegrahic messages to long distances; for 
which purpose I cause the vibrating diaphragm 
of a telephone receiver, or of the stile or pointer 
which presses upon the cylinder of a phono¬ 
graph, to cause corresponding vibrations or un- 
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dulations in a column of air, steam, or other 

suitable gas or vapour, these vibrations or un¬ 

dulations being produced, upon a largely mag- 
nihed scale, by the governing vibrations of the 
telephone disc, or the phonographic point, and 

being directed in any required direction if de¬ 
sired by means of a trumpet-shaped apparatus 

through which they are delivered. 
“The apparatus itself, which is influenced and 

operated by the vibrating telephonic disc, or by 

the stile or pointed instrument actuated by the 
permanent depression produced by sound in the 

usual way upon a phonographic cylinder or 
disc, resembles somewhat in principle the ap¬ 

paratus known as the ‘ Svren,’ in which a 

column, of air or steam passing through a tube 
or chamber is cut off more or less_ completely, 
and renewed, in very rapid succession, so as to 

cause in it correspondingly rapid vibration or 
undulations which themseives result in sounds 

of any desired magnitude and power, accord¬ 

ing to the size and character of the apparatus; 
the pitch of the sounds 'produced being de¬ 
pendent upon the number of interruptions or un¬ 

dulations per second, so that by causing such 
number of vibrations to be determined by the 

vibration of the disc of the telephone or the 
stylus or point of the phonograph, the sounds 

produced become largely magnified reproduc¬ 

tions of the sounds given off by the telephone 

or phonograph.” 
It will be understood that the ordinary 

simple phonograph reproducer or sound box. 
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like the telephonic diaphragm, depends wholly 
for the ability to utter sounds upon the prin 
ciple of air undulation, and the only real de 

parture from the principle involved in the ap¬ 
paratus devised by Short is that the air so acted 
upon is under compression. The pressure on 
the air enclosed in the ordinary reproducer 

shell is small in comparison to that exerted 

by a super-induced pressure current acting in 
free am If carbonic acid gas were substituted 

for ordinary atmospheric air in the chamber of 
an ordinary reproducer, the volume would be 
greater by the relatively greater friction of the 
gas, which is more dense, of course, than am 

The phenomenon of sound, therefore, is seen to 
depend on friction, pure and simple. 

Short favoured the method of vibrating a 
diaphragm by means of the air jet, but later 

experiments proved that better results were ob¬ 
tained without the use of a diaphragm at all. 
Parsons worked on these lines, and the 

£H Auxetophone” was a practical development of 
the idea. He permitted the air under pressure 

to operate in the free air confined in the usual 
amplifying horn. It may be useful to set forth 

his own claims from the British Specification, 
No. 10,468 of 1903, in which he states that 4i the 
air-operated reproducer is very much more effn 
cient, and that losses between the energy im¬ 
parted by the record to the reproducing stile 
and sound energy produced are far less than 
is the case when the energy of the stile is im¬ 

pressed directly on the air through the medium 
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of a diaphragm, and also that the original 
sound wave is more correctly reproduced.11 

In developing his apparatus, Parsons found 
that the following leading principles must be 
observed. As a measure of the forces of 
momentum in the moving parts of a reproducer, 
and as a basis of calculation, the force of 
acceleration at the point of a reproducing stile 
when loud music is being played often amounts 

to one hundred times gravity, the amplitude of 
the vibrations in this case Being something like 
0.003 inches and the periodicity about 500 per 
second. 

i he energy required to vibrate a small valve 

at a given number of periods per second varies 
as the square of the amplitude of vibration and 
also as the square of the frequency. It varies, 
also, as the integral of the mass multiplied by 
he square of the amplitude of oscillation or 

radius about the line of oscillation. 
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From these considerations it became of first 
importance to restrict the amplitude of the 
valve movement to the smallest possible pro- 
portions. To this end Parsons constructed a 
special form of grid valve (see Figs. 70 and 71), 

working like a flute key, pivotly, and being held 
to the necessary tension (in order to counter¬ 
poise the normal air pressure) by a spring 
capable of adjustment. The construction of the 
apparatus is shown in Figs. 72 and 73. 

The compressed air is supplied, of course, by 
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a subsidiary small rotary pump capable of 
delivering a continuous pressure of several 
pounds to the inch, three or four being usually 
sufficient. In order that the pressure may be 
both uniform and constant, it is best to be first 
delivered into a container, thence conveyed to 
the reproducer proper. The air should be 
filtered through cotton wool before it is trans¬ 

ferred to the reproducer valve to prevent its 
being clogged by small particles of dust. 

The intensity of sound produced by a repro¬ 
ducing device of this character is very great, 
and is very true to correct tone, unlike 
the ordinary reproduction by means of a 
diaphragm, which, in most cases, imparts super- 
tones, originating in the diaphragm itself. It 
is suited only to record reproductions in public 
halls or in the open air, for the reason that the 
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volume of sound delivered, even with the use 
of a small trumpet or horn, is too overpowering 
to be borne for any length of time at close 
quarters, and, in addition, there results a rather 
powerful hiss (far more pronounced than that 
usually associated with the steel needle in 
ordinary disc reproductions). It will be sup¬ 
posed that the magnification of sound in 

general will naturally increase the usual surface 
noises of the record to a corresponding extent, 
but this is not the case in connection with air- 
pressure reproducers. It is true the hiss is there, 
and to a considerable extent, but it is not at 
all due to the contact of the stylus with the 
record, but is due rather to the air under 
pressure escaping through the valve, the latter 
never being completely closed by the action of 
the stylus, but being in constant undulation. 
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A modification of the above apparatus was 
patented in I9o6 by “ The Compagme 

Generale de Phonographes,” etc., of Pans, ihe 
inventor claims that excellent results may be 
obtained by means of a simple seat valve, but 
the type appears to be applicable only to- 

phono-cut discs, as Parson’s “ Auxetophone 
is applicable only to the needle-cut variety. 1 

' was present at the Royal Albert Hall some 
years ago when Messrs. Pathe Freres gave a 
special demonstration of the “ Orphone, which 
is the name by which the French air-reproducer' 

A 

Fig* 75* 

is known* The reproduction on this occasion of 

Pathe selected discs certainly was distinctly 
audible in every part of that huge building. 

Instead of a spring to obtain tension lor 
counterpoising the internal air pressure, the 
apparatus depends upon its own dead weight 
and the power of gravity to accomplish this 

object; but the valve action, in my opinion, is 
less perfect: than that of Parsons’, as all piston 
types, however carefully fitted, must be* 
Fi& 74 represents the form of its construction 
and method of operation, and Fig- 75 shows a 

T f 
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plan %‘iew of the valve. In its working the 
compressed air passes through a flexible tube 
to the mouthpiece fi) into a chamber (2), 
divided by a filter of cotton held by two 
perforated discs of metal or wire gauze. 1 he air 
passes on to the box (4), in which is a core 
(5), and its only point of exit is at (9), which 

is a small annular space provided for that pur¬ 
pose. When the record is rotating, the weight 
of the reproducer causes it to follow a relatively 
level course, only the lighter valve, which is 
made of aluminium, being able to rapidly 
follow the undulations of the record. 1 he 

effect of the latter is to open and close the an¬ 
nular opening at (9) in corresponding periods, 

and the compressed air escapes in puffs into the 
orifice (14) which leads directly to the 
amplifying horn. 

We have now to consider an altogether 
different type of sound-magnifier, which does 
not depend on air under pressure for its effects, 
but which involves a purely mechanical prin¬ 
ciple. The original patent for this peculiar 
device was taken out by Daniel Higham in iqoi, 
and consisted in the application of a friction 
reel and shoe, which reminds one of the chalk 
reel of Edison in the early days. The friction 
reel was interposed on suitable supports between 
the diaphragm and stylus lever, the shoe or 
band partly encircling it, one end of the band 
being connected to the diaphragm, the other to 
the free arm of the stylus lever. The reel was 
given a revolving motion, which caused the 
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band or shoe to grip it, thereby straining the 
diaphragm outwardly and giving it an extra¬ 
ordinary tension. In operation the undulations 
of the record worked the stylus lever upwardly 
and downwardly, which, in the former case, held 
the diaphragm tension firmly, and in the latter 
effected its release, causing it to return to its 
normal position of rest with considerable force 
in periods varying in frequency as the undula¬ 
tions of the record, and thereby generating a 
greater volume of sound in the reproducer than 
would otherwise be the case. 

The principle was probably first conceived in 
connection with sound-reproducing appliances 
by Mr. Cooper, who applied it in the late 
seventies or early eighties in the production of 
records in solid brass, soon after Edison intro¬ 
duced the tinfoil machine, which latter has been 
on exhibit for many years at the South Ken¬ 
sington Museum. With the Edison machine, 
the vibrations of the voice were indented on a 
strip of tin-foil by a needle, or stylus, attached 
to the back of a diaphragm set into vibration 
by the voice. The effect was comparatively 
feeble, as only soft, yielding materials could 
be used, but Mr. Cooper communicated to the 
Franklin Institute particulars of a mechanical 
device, which he termed a ff phonodynamo- 
graph,,J whereby the force might be increased 
which caused the stylus to press upon the 
metal sheet. The device was illustrated in 
Cassell? s Family Magazine (1882), and is repro¬ 
duced in Fig, 76, consisting of a pulley, A, 
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which is surrounded by a cordj B, having one 
end attached to the centre of the vibrating 
diaphragm, C} and the other end attached to 

one end of a pivotted lever, D, which is 
shaped like a stylus, and disposed so as to 
indent a sheet of metal passing under it when 
the cord is pulled upon. Now, when the plate. 

C, vibrates up and down, the cord pulls the 
lever, D, with a tension equal to the force with 
which the diaphragm vibrates less the friction 

of the cord on the edge of the pulley. But if 
the pulley, A, is rapidly rotated in the direc¬ 
tion of the arrow, the lever, D, is pulled upon 
by a force equal to the vibration of the 

diaphragm plus the friction of the cord and 
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pulley. This friction increases with the speed 

of the pulley and hence the feeble vibrations 
of the diaphragm can be made to indent with 
considerable thrusting power. Little or nothing 

appears to have been done in this direction. 
But Higham appears to have been the first 

to work the principle out as a reproducing 

mechanism. 
At a later period the Columbia Graph op hone 



294 THE REPRODUCTION OF SOUND. 

Co. procured two patents for improvements, 
and put two models of cylinder machines upon 
the market with the improved appliances 
attached. In the British specification, No. 905, 
of JQ05, by the High-am-o-phone Co., of New 

Jersey, a representation of the scheme is shown, 
which is reproduced in Fig. 77, The reference 

numerals in the representation are applicable to 
the text of the specification itself. In this repre- 
sentation we have, of course, the simple outline, 

SOUND-MAGNIFYING DEVICES, 

so to speak, of the idea, but nevertheless the 
whole of its effective principle. The rest of the 
apparatus is designed merely to accommodate 

the principle to ordinary phonographs. 
Fig* 78 shows a sectional side elevation view 

of the apparatus embodied in a Columbia 

Graphophone, known as the B.C type. In a 

front elevation view, as shown in Fig, 79, the 
carriage 6 slides freely on a tube rail 7 inside 

of which is the feed device, as other types of 
graphophone cylinder machines were arranged. 
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The end plate 9 on the left hand of the mam 
frame is extended m height to constitute a sup¬ 
port for the pulley and shaft, 10 and 11. The 

pulley is carried by a sleeve 14, which is ar- 
ranged to run in a fixed sleeve 12 and which 
is fastened to the upright end 9 of the frame. 
Through this rotating sleeve 14 passes the shaft 

11. The shaft is provided with a spline 15 cut 
in it as shown, in which the screw 16 in the 
rotating sleeve engages. As the pulley re¬ 
volves it therefore revolves the shaft, at the 

same time permitting the latter to move freely 
with the carriage. On the other end of the 

shaft is attached the friction reel or roller 37, 
which has a Y groove in its periphery, and in 
which the friction shoe iS engages. The shoe 
is hinged in the centre. One end of the shoe 
is attached to the centre of the diaphragm by 
a link. To the other end is attached the link 

which connects to the end of the sapphire lever. 

A weak spring serves to keep the end of the 
shoe in contact with the reel. On the extreme 

end of the shaft is placed a weight 25, which 
revolves with the shaft and reel. The bearing 

of the sliding shaft 11 in the carriage is hung 
on a stirrup 26, which is pivoted on the screw 

27. The action of the weight, consequently, is 
to force down the carriage end of the shaft 

and to act as a constant pressure in the fric¬ 
tion shoe, which effects an adjustment, auto¬ 
matically, of the friction by gravity. The frame 

or casing in which the diaphragm is mounted 
is a fixture with the carriage, and die carriage 
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is not lifted to disengage the stylus from the 
record, when required. The stylus is pivoted 

to a weight or f ant ail, which is pivoted in tiun 
to the carriage, and has an extension which 

contacts with the lifting cam to lift the weight. 
Very strong motors are required to operate 

these machines, as the power to actuate the fric¬ 

tion apparatus is derived from the motor which 
revolves the cylinder mandril, through an ad¬ 

ditional toothed wheel which drnes the shaft. 
I have had considerable experience in the man¬ 
agement of these machines, and have come to 

the conclusion that it is bad economy to make 
an ordinary phonograph motor (however 

strong) do the double work of revolving the 
record and of driving the friction shaft. T hese 
machines, wonderful as are the results produced 

by them when m first-class condition, have been 

a source of much trouble and annoyance to 
their owners, and the principal of the difficul¬ 
ties has arisen from this defective construction. 
There are other minor points which require ciose 

attention if the best results are to he reached by 
this class of machine, chief of which are the 
correct tensioning of the friction shoe, the keep¬ 
ing of the shoe and amber reel free of grease 
or dirt, by an occasional cleaning with ben¬ 

zine, and the careful regulation of the friction 
in the adjustment, so that excessive friction 

will not cause the motor mechanism to drag 
and govern badly, I am perfectly certain, also, 

that if the friction shaft had been designed to 

revolve less rapidly, less powTer would have 
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been required of the motor to actuate it, and 

larger volume secured at the same time, A 
better plan altogether would have been lo drive 
the friction shaft by an independent source ol 

power, and having means to regulate its speed 

in relation to the revolution of the record man¬ 
dril. 

The other type of Columbia graphophone 

with friction shoe drive, known as the 

is a smaller model with a 3’inch reproducing 

diaphragm instead of 4 inch, as in the "R.CV 
and with a simple one-arm (unhinged) friction 
shoe, which is less satisfactory both in principle 

and practice. The shoe acts as a band-brake 
on a similar and smaller amber reel, and the 
stylus lever is mounted differently. The effects 
gained by this combination are not greater than 

those reached by efficient reproducers of the 
simple type. Fhe friction shoe does not grip 

and release the reel to actuate the diaphragm 
motion as in the larger model, but acts as a con- 
tin nous pressure only upon the reel, the stylus 

lever movements merely increasing or reducing 
such pressure alternately. 

1 he 11 B.CT type of machine is unquestion¬ 
ably the most satisfactory of the two* What I 
have just observed, however, about the con¬ 
structional defects of the M B.C.M holds good; 
for since writing my theoretical criticism on 
this head, I have been to the pains of recon¬ 
structing one of these machines, and it will be 
interesting to note the results X have reached. 
It occurred to me that the separation of the two 
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functions of the motor would enable the most 
important function, that of revolving the 
record mandril, to be accomplished far more 
effectively—that is to say, regularly, than 
would be the case if the motor were required 
to perform the other function as well, viz., that 

of revolving the friction reel. 1 he amount of 
power needed to revolve this friction reel is 

many times greater than that needed to revolve 
the mandril In practice I found that the 
motor was quite capable of running the mandril 
evenly, but when the friction attachment was 

at its proper tension, the governors visibly pal¬ 
pitated and resulted in a 11 watery n tone effect, 
which was the more irritating by being 

magnified. I then set up the body of the 
machine—that is, the upper part containing the 
mandril, feed gear and reproducing apparatus 
_-upon the motor of an Edison Home 
phonograph, which I knew governed perfectly, 

or as perfectly as any motor can be made lo 
govern* I next struck out the toothed wheel 
which is mounted upon 1 the rotatable sleeve 
(14), and which meshes with the intermediate 
wheel between the mandril and feed-screw 

wheels, 111 order to be put into motion, the 
gearing of which was arranged to revolve the 
friction reel at approximately sixty times per 
minute. Having done this, I then added an 
extension member to this rotatable sleeve, so 

that I could fit a handle to turn it, instead of 
relegating this function to the ordinary motor 
mechanism, which I was convinced would not 
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be nearly strong enough for the double purpose, 

whilst being thoroughly effective for the one. 
At the first turn of the handle, after the 
machine had been set going, I realised that the 
speed of sixty per minute was not the critical 
speed of rotation, and that an equally good 
tone was secured by a motion less rapid, even 
as low as twenty revolutions per minute. I 
found further that it was not necessary that 
the reel should be governed M in its motion; 
that sudden changes of speed between twenty 
and one hundred made no appreciable differ¬ 
ence in results; whereas the more perfect 
governing of the mandril, due to the limitation 
of the motor function, produced a superiority 
in tonal results which was remarkable. I soon 
found means to mechanically revolve the 
friction reel independently, to obviate the 
trouble of turning a handle, but one way is just 
as good as another. 

These machines, the u B.C.M and “ B.M,/’ 
were constructed, of course, to play the old ioo- 
thread Standard records only; but I have 
altered a large number of both types to play 
the newer 200-thread records (Edison Am* 
herds) with very successful results. In most 
cases I have fitted the differential gear to play 
either standard at will. The delicate recording 
of the Edison Amberols is necessarily weak in 
comparison with that of the older and coarser 
track, but augmented in volume by means of 
the B.C.1* mechanism and a suitable stylus, 
they reveal a wonderful change in character 
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and are reproduced with as great a measuie of 
volume as that of the loudest disc records, 

while the breadth of tone and clarity of articu¬ 
lation are both extraordinary. Patents have 

been obtained for the application of the 
friction-reel apparatus to disc-reproducing 

machines (see Fig, 80), but I have not been able 
to learn that anv instruments have yet been 
manufactured for sale, and consequently have 
not had any opportunity of hearing any Poe¬ 
tical results. According to the illustration, the 
adaptation is for “ phono ” discs exclusively, 

but there is nothing to prevent the application 

of the method to the needle ,f disc 
The patent specification (5063, of igob) 

filed on behalf of the American Graphophone 
Co, describes Fig. 80 as a detail vertical 
section, parts being shown in elevation, l is 
the usual easing of a disc form of sound- 
reproducing machine, containing the usual or 

suitable driving mechanism for operating the 
parts, being transmitted through shaft 2. A 
suitable bracket 3 is mounted on top, on w hich 

the reproducer head or casing 4 ^ secured to 
bracket, as by screws 5. With reproducer head 
there is mounted a diaphragm 6, preferably 
between gaskets. Secured to a shaft 8, extend¬ 
ing vertically through the top of the box, is 
the turntable 9 on which the record is placed. 
Turning in bearing 11 is a shaft 12, having 

keyed thereon a pulley 13* The inner end or 
shaft 12 has an extension shaft 14 connected 
thereto by a ball and socket joint, with extends 
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in front of and preferably between the face of 
the diaphragm, and has bearing in a swinging 

Fic. SO. 

arm i6t swinging on a pivot i7 carried in a 
fixed bearing lug or bracket 18 rigidly secured 
to the bracket piece or plate 3. 
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The object of the extension shaft is to allow 
the stylus arm to move laterally across the 
record in the usual way, whereas the repro¬ 
ducer is fixed, and does not travel. The 
arrangement seems to me to be bad, for there 
must be considerable loss of tone by dis¬ 
persion in such an arrangement. During the 
rotation of the record, vertical movements aie 
imparted to the link 27 in such a manner as 
to be able to turn freely in an horizontal plane, 
but so that it imparts all movements of the 
stylus in a vertical plane to the link. During 
the rotation of the record vertical movements 
are imparted to the link by means of the 
stylus and stylus lever 39, and the friction of 
the shoe 22 upon the friction reel varies in 
proportion to the amplitude of the vibration, 
thereby imparting to the diaphragm 6 corre¬ 
sponding vibrations but of magnified ampli¬ 
tude. 

1 have remarked that there is nothing to 
prevent the application of the friction principle, 
and since writing that statement I have occu¬ 
pied myself to construct such an apparatus, and 
took occasion to make a public demonstration of 
the machine at the North London Gramophone 
Society's meeting at Highbury Hall recently. 
It will be interesting to give some account of 
its performance. 

The general tenor of the criticism offered was 
that the reproduction was magnificent as far as 
some records were concerned, but that it was 
anything but satisfactory with others. It was 
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certainly difficult to imagine anything more 
realistic than the reproduction of Rachmani¬ 

noffs “ Prelude in G fiat ” and Scriabine s 
” Etude in C sharp minor/1 piano solos played 
by Mark Hambourg and issued by the Gramo¬ 
phone Co. Quite apart from their musically 

artistic execution, the instrument itself seemed 
to be in the centre of the room; and what struck 
most of those present was that the very rever¬ 
beration of the heavy bass strings was brought 
out with extraordinary fidelity and volume 
equal to the original, such effects never being 
heard at all through ordinary sound-boxes. 
This effect was due, in the main, to the excellent 
recording, no semblance of ° blast” being 
present. When, however, other less perfect 
records were reproduced the i£ blast 55 passages 
or notes were relatively augmented, and were 
intolerable to endure. It is therefore important 
to select faultless records for reproduction in. 
connection with such an arrangement, and as 
long as their tone, or timbre, is correct it matters 

little how weak they may be as regards volume^ 
because this can be supplied in the reproducing 

scheme. 
For a long time I have thought that the 

friction relay is superior to the compressed air 
rela}' system, for the reason that a higher 
quality of tone is more easily reached by that 
system. It does not follow', for all that, that 
the compressed air system, with grid valve, is 
the last word in this held of research, any more 
than the amber roller and hard rubber friction- 
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shoe is the last word in mechanical rein force- 
men L But I am firmly convinced that in one or 
other of these methods will be found the repro¬ 
ducing means of the future, for the potential 
advantages of both are far too numerous to be 
long neglected. I perceive also, m modifications 
of both these systems, the possibility of 
eliminating the usual record surface noises, 
incidental to the contact of the tracking stylus, 
whereas by the conventional soundbox it is 
almost impossible to reduce them without at 
the same time reducing the natural tone quality 
and volume of the record per se. Of course, 
it could not well be otherwise, inasmuch as the 
track-scoring is essentially part and parcel of 
the record itself. By clean workmanship and 
the employment of improved substances for the 
record body much may be done to secure 
greater smoothness an d lessen mechanical noises 
in the travel of the record under the repro¬ 
ducing stylus, and Mr, Edison has already 
achieved a high level of excellence in this 
regard by means of superior technical processes. 
When all has been done that is possible to be 
done in this direction, I am very sanguine that 
secondary, or relay, methods in reproducing 
apparatus will be able to eliminate the re¬ 
mainder. We shall then have advanced a good 
way in the direction of the ideal. 

1 he further consideration which must be 
borne in mind is that records which give 
maximum volume and intensity with a simple 
soundbox, such as are at present in demand, 
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are already reinforced to the practical maxi¬ 
mum in the recording, and will not bear much 
augmentation. The records of the future, 

therefore, will be required to have certain well- 
defined characteristics, such as clean definition, 
an average breadth of tone, and not excessive 
intensity, the effort to obtain which invariably 
puts the recording diaphragm at too great a 
strain for individualisation in tones. It is 
really astonishing to me that so little progress 
has been made in the art of recording for a 
number of years, seeing how obvious is the need 
and how limitless the scope for diversion and 
invention. 

If I were asked the question which system of 
recording is likely to be the ultimate one—that 
is to say, as between the undulatory and 
sinuous tracks—I should at once confess my 
inability to answer it, because I clearly perceive 
many good points as well as bad ones in both 
systems. It is very true that the undulatory 
record is more direct, suffers less in acoustical 

loss, and is more simple in operation. But the 
sinuous track lends itself more readily to the 
reduction of surface friction, and I see no 
reason why, by improved methods of construc¬ 
tion in the recording tool, there should be any 
more acoustical loss in this system than the 
other. This loss is painfully apparent at 
present, to be sure, but that is chiefly because 
the recording experts find it easier to work by 
the rule of thumb on certain well-defined lines 
than subject their work to strict analysis. But 
progress lies not in that direction. 
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What promises to revolutionise the whole 
method of making records with the sinuous 
track is an ingenious application of the spray 
principle just lately invented and patented by 
Mr. Robert Law Gibson, of Philadelphia. There 
is nothing inherently impossible in the idea,, 
and its success is likely to depend only upon 
the employment of means properly suited to the 
end. And if the scheme turns out to be suc¬ 
cessful in operation, it is very certain that it 

will mark the greatest advance in the manufac¬ 
ture of records ever made, combining, as it 
does, the highest theoretical advantages for the 
recording of sounds, particularly of the compo¬ 
site order, with their harmonics and overtones^ 
such as has never been possible in the manu¬ 
facture of commercial records before, as well 
as providing means of a practicable character 
to greatly reduce mechanical friction in repro¬ 
duction, In addition to this, the manufacture 
of records will become a more simple matter, 
and at the same time less expensive, in the 
allied processes. 

It is well known that most of the trouble in 
connection with “noisy” records—that is, those 

which emit disagreeable hissing sounds in being 
mechanically reproduced — arises from causes 
incidental to ihc use of metallic soap blanks. 
The difficulty of securing a perfectly homo¬ 
geneous compound, as well as that of preparing 

its surface by shaving, or any other means, to 
obtain a brilliant or perfectly smooth face with¬ 
out fracturing the material itself, have always 
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been considerable, and only the greatest care in 
saponification and chemical mixture on the one 
hand, and skilful manipulation of mechanical 
means on the other, have contributed to effect 
anything approaching to the desiderata in this 
regard. Then, after all this has been satisfae- 
torily accomplished, there yet remains a further 
source of surface noises in the circumstance that 
the track groove (which, of course, is required 
to be cut into the substance of the blank simul¬ 
taneously or coincidently with the engraving of 
the sound wave sinuosities) has of necessity to 
be cut by the recording stylus, which is not 
rigidly held in a fixed position relatively to the 
surface of the blank, but is attached at its other 
extremity to a resilient diaphragm. The mere 

passage of the stylus over the blank in these 
circumstances causes what is known to engin¬ 
eers as a chatter,” which resolves itself into a 
continuous series of minute undulations, and 
which are registered in the track and are trans¬ 
lated into the well-known hissing noises in the 
reproduction, as something foreign, or alto¬ 
gether apart from the recorded sounds proper. 
As I have already remarked, the employment 
of great circumspection in these allied stages of 
manufacture may do a great deal to reduce 

these objectionable features, but there is a limit 
to which this technical supervision can be prac¬ 

tically applied, and it must never be forgotten 
that the causes of the trouble are inherent in 
the system of cutting the blank. 

It is important also to point out that in the 
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present system of recording by cutting into the 
substance of the blank it is next to impossible 

to record the delicate overtones of sounds with 
any degree of accuracy, for the simple and ob¬ 
vious reason that the contact of the stylus with 
the blank has the effect of damping the record¬ 
ing diaphragm; and the feeble character of the 
minor vibrations is insufficient to actuate the 
diaphragm completely with this clog upon it. 
The average record, therefore, presents itself as 
a coarse outline only of what the actual vibra¬ 

tory activity of the diaphragm would be if left 

entirely free to respond. 
Now the superiority of Mr. Gibson's system 

will be at once obvious when it is realised that 
he abolishes the ordinary soap blank entirely; 
and instead of cutting the record into any sub¬ 
stance whatever, he reverses the process and de¬ 
posits an inverted track of molten wax upon a 
previously surfaced disc through an extremely 
small nozzle connected to the recording dia¬ 
phragm, which becomes wave-like as the dia¬ 
phragm directs it upon a previously prepared 
revolving plate or disc of metal, glass, or any 
other suitable material, the lower temperature 
of which will immediately congeal or fix the 

wax stream as soon as it is deposited. 
It has been pointed out that in the commer¬ 

cial manufacture of records it has been found 
necessary or desirable to make a master matrix 
from the original record, which is only used for 
the purpose of producing matrix duplicates for 

actual work in the presses. In order to get an 
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exact replica of a master matrix, an interme¬ 
diate process is necessitated, in the production 

of a ft mother” matrix, which is a facsimile in 
metal of the original record, and being a posi¬ 
tive, from which the subsequent negatives can 

be obtained. This is electrotyped from the first 
negative, or master matrix, in a manner similar 

to that of producing the master matrix from 
the original wax. And in the same way the 
secondary or duplicate working matrices are 
obtained from the metallic positive, or “mother” 
matrix. It will be understood, from the de¬ 
scription of Mr. Gibson's method, that his ori¬ 
ginal record is to all intents and purposes like 
the ordinary master matrix, in cameo, as dis¬ 
tinguished from the intaglio form of the ordi¬ 
nary “ mother 5 J matrix. This advantage alone 
dispenses with one of the three separate depo¬ 
sitions required in the old system, and reaches 
the same end by two. That is a clear gam, not 
only in the matter of time and also in the saving 
of expense in materials, but in the elimination 
to this extent of the surface roughness which 
also invariably follows from every deposition 

of metal in grains. 
The practical application of the scheme is 

described in the British Patent Specification, 
No. 109,237. The most important factor in the 

process is the ejection of the fluid medium finer 
in section and volume than would be required 
to constitute the record ridge, as the latter must 

be built up to prevent spreading and to chill 
rapidly ; and this can only be accomplished by 

SOUND-MAGNIFYING DEVICES. 311 

enormous pressure being brought to bear upon 
the fluid medium in order to force it in a regu ar 
stream through the microscopic orifice, and y 
regulating its ejection so that it takes place at 
a velocity substantially greater than the rotat¬ 
ing speed of the receiving plate. In this way 
the form of cross section in the ridge itself may 

be varied. . , , 
The ordinary disc record with a sinuous track 

assumes a V form in cross-section, and it may 
be regarded as a difficult proposition to spray 

or emit a stream of molten wax through any 
kind of orifice that would deposit itself with 

perfect regularity in an inverted V form .No¬ 
thing could be easier in the case of the L form 
of track, however, for such a stream would 
automatically assume that contour when ex¬ 
pelled by pressure through a cylindrical tube 

upon a plane surface in motion. And my ex¬ 
periments in track forms have convinced me 

that it is very desirable to modify the conven¬ 
tional V form of the sinuous disc, inasmuch as 
this particular form of track necessitates the 

employment of a very pointed stylus (e.g-, tie 
steel needle) for reproducing purposes, and this 
element alone is responsible for a great deal o 
objectionable surface noises caused by the rapid 
wear and tear of the record, quite apart from 

the other causes already enumerated. 
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CHAPTER XX. 

Conclusion. 

From the foregoing observations with regard 
to relay reproducing schemes, we are bound to 
consider how best to work out the primary 

essentials in the making and manufacture of 

records conformable to the requirements of 
this system. It will be no longer necessary, 
then, in the case of the undulatory or “ phono- 

cut ” records to utilise track width for the pur¬ 
pose of securing the maximum breadth of tone. 
.The incident of amplitude in the sound warms 

registered in the record becomes also of smaller 
importance. The liner the tracking reproducer 
stylus the better for all purposes, particularly 
for securing clean definition and reducing 
frictional disturbance. The sinuous or "needle- 
cut ’ records are already reduced to the prac¬ 
ticable limit in this respect, and in the year 

1908 I filed a Provisional Specification 
;No. 25,057) at the British Patent Office setting 
forth a novel method of engraving undulatory 
records by using a V-shaped stylus and making 
a V-shaped track in cross-section, thereby 
giving increased sensitivity to the recording 
diaphragm and permitting of at least double 
the amount of recorded matter to be registered 
m the same space as was possible by the 
employment of the usual track of U form in 
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cross-section, without any loss of surface 
friction and therefore of volume. This latter 
consideration need no longer weigh with fric¬ 
tion reproducing methods, but the economy 

effected in the necessary restriction of track 
width by the use of the V track is likely to 
be of some utility in the lengthening or 
cheapening of records. Either the standard 
sizes of discs may be reduced, or, if retained, 

may accommodate much longer selections of 
music. For friction relay reproduction the 

the more certain tracking of the reproducing 
stylus, in addition to the form, which ensures 
that die most delicate overtones of sound can 
be recorded. 

ft would be a decided advantage in favour 
of the friction relay reproducing system for 
discs if reproducing machines were constructed 
with a traverse turntable after the manner of 
up-to-date recording machines, so that the 
heavy and complicated reproducer and gear 
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could be stationary and the record be brought 
towards it in a straight line, instead of resort¬ 
ing to the bad mechanical arrangement of a 
tone-arm, which in its traverse across the record 
in following the record spiral is bound to 
describe an arc, A part arrangement of this 
character for ordinary simple reproduction has 

been worked out and patented by Mr. William 
Grimshaw, of Prestwick Fig, Si shows a side 
elevation view of the scheme, and Fig. 82 the 
plan view of the same. Fig. S3 shows a part 
of the mechanism, which is a free reel to keep 

the sound-box from being diverted from the 
straight line by the stress of the curved track 
of the record in rotation, which otherwise con¬ 
trols its lateral displacement, A tone-arm is 
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provided, consisting essentially of two tubes of 

suitable diameters, one sliding inside the other 
in a transverse direction to the sound grooves, 

1 he larger tube is connected at one end with 
the horn, and is of uniform size and section 
for a distance approximately equal to the width 
of the recorded surface. The smaller tube is 
preferably tapered in section, the sound-box 
being attached to the small end thereof, the 
other end being made to slide easily in the 
uniform portion of the larger tube, which is 

rigidly supported on the cabinet. In the type 
shown in the figures, A. is the horn, B is the 

larger tube, C is the smaller tube, D is the 
sound-box, E is the tonq-arm support, and F is 
the cabinet. G is an arm fixed to the tube 
upon which the sound-box is mounted, I is a 
pulley or reel sliding freely on the rail Ht and 
permitting a vertical movement of the sound¬ 
box as well as a movement in a direction 
transverse to the recorded groves. / is the 

turntable which, of course, rotates in the direc¬ 
tion of the arrow as usual. 

Inasmuch as records are made through the 
medium of a feed device which effects the 
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lateral displacement of the recording stylus in 
a straight line* it becomes a matter of import¬ 
ance to reproduce such records by means of a 
similar method in order that the reproducing 
diaphragm shall always be at right angles to 
the track line. In describing an arc by the use 

of the conventional tone-arm, the sound-box 
diaphragm is more or less at a tangent from 
the rectilinear position, and, although the loss 

of tone by this circumstance appears to be 
negligible in practice, the tone-arm must be 

condemned as a mere mechanical makeshift, 
1 he loss of tone is negligible, because no com¬ 
parison can be possible through the same tone^ 
arm; and even with a comparison set up with 
the tvvo types of machine, it is not easy to 
justly determine the question of superiority on 
account of the several other factors entering 
into the respective results. 

It would be perfectly simple to construct a 
recording machine so that the recording tool 
described an arc, in which case the foregoing 
remarks would scarcely be apropos, The record 
sinuosities would then be somewhat changed in 
their aspect to the reproducing diaphragm, A 
patent was issued to Mr, Eduard Wawrina, of 
Vienna, in 1908, for a type of mechanism to 

effect the regular lateral displacement of the 
tone-arm for recording purposes. Fig, 84 shows 
a side elevation view' partly in section, and 
Figr 85 show's part of the plan view. There are 
obviously other methods by means of which a 

similar movement could be effected, but this is 
simple. In operation, the mainshaft being 
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revolved as usual takes along the feedscrew 2, 
which actuates the screw-wheel 3 and, through 
the intermediary of axle 5, the pinion 6, The 
segment 7, which engages with said pinion 6, 
is thus taken along in longitudinal direction, 
so that the recorder is moved towards or away 
from the centre according to the direction in 
which the screw-wheel 6 is turned. From this 

combined motion it results that the recorder 
describes a spiral. The distance between the 
threads of the spiral described can be regulated 
according to requirement through a correspond¬ 
ing adjustment of the gearing. Instead of the 
feedscrew7 a suitable system of toothed wheels 
could be provided, and the pinion 6 could be 
replaced by a friction w'heel. 

Another mechanical inferiority of the disc 
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form of record is the varying linear speed of 
the recording surface presented to the recording 
tool, which is responsible for a gradual reduc¬ 
tion of tone as the record proceeds by reason 
of the gradual reduction of wave-lengths of 
similar tone pitches. If we take, for example,, 
a record and measure the wave-lengths of a 

given note of a given instrument at the outer 
radius of the disc, and measure that of a 
similar note towards the centre we shall find 
that it is considerably shorter, and this is. 
necessitated by the equal rotation of the disc. 
If the linear speed could be made equal by a 
gradual acceleration of the speed of rotation, 
the sound-waves of a given note would be equal 
in length, and this would ensure that the sound 
would be equally brilliant at the end as at the 
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beginning of a record. The cylinder form of 
record suffers no defect of this character, 
because the linear speed is necessarily equal. 
If it is said that the cylinder record is in other 
respects, or in some other respects, inferior to 
the disc record, permit me to point out that the 
form has nothing whatever to do with the 
results in reproduction, and that it would be 
just as easy to record cylinders by the sinuous 
as by the undulatory method, in which case 
precisely the same tonal results would be 
obtained. I am assuming, of course, that the 
linear speed of the cylinder would be equal to 
the average linear speed of the disc, which 
would be governed entirely by calculation based 

on the diameter of the cylinder. 
The great difficulty which besets the inventor 

and innovator is the requirement, commercially, 
of conforming new schemes to established con¬ 
ditions. Even supposing that an improved 
disc record were produced having an equal 
linear speed, as pointed out, it would be 
imperative to furnish also a reproducing 

machine with a differential turntable motion to 
correspond with that of the recording machine 
with which such records were made. T. he added 
expense of such a machine would deter the 
great majority from purchasing the improved 
records, and therefore the prospect of commer¬ 
cial success attending the advent of such an 
innovation would be exceedingly doubtful, 
quite irrespective of its superior merit. 

An innovation which would be equally 
doubtful of success is one which was suggested 
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by Mr. Bawtree some years ago, which was a 
record in the form of an endless hand running 
over two cylinders. I must confess that this 
scheme strongly appeals to me on account of 
its advantages over any other form hitherto 
adopted. In considering such propositions as 
these it is first of all necessary to enquire into 
their technical possibilities, and I see nothing 
in the allied processes of record manufacture 

to put Mr. Bawtree1 s proposition out of court. 
The master record could be made, with either 
kind of track, in the cylinder form, and the 
blank might assume a very large diameter with 
any desired length. The machinery for making 
records in the cylinder form, say, three feet in 
diameter, need not alarm the general public on 
account of the storage room needed to accom¬ 
modate records of such proportions, because the 
M master ” records would never be seen outside 
the record factories. But in order to obtain an 
endless band type of record it is imperative to 
make it, in the first place, as a cylinder of large 
dimensions, which would have to be recorded at 
a relatively lower rate of revolution. Having 
secured the master record in this form, it 
becomes a comparatively simple matter to pro¬ 
duce a metallic negative of the same by the 
known method of electro-deposition. Celluloid 
is an eminently suitable substance for the 
duplicates, and after being pressed by steam 
and air, as set out in an earlier chapter, it 
would be sufficiently flexible to permit of being 
tightly drawn over rollers or mandrils set in 
juxtaposition. The most convenient form of 
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reproducing machine for such a record would 
be the cabinet form, with the reproducing 
mechanism mounted over an upper roller, so 

that the band could he stretched over a lower 
roller in the base of the cabinet by means of a 
suitable adjustment. The upper roller should 
be covered with a rubber or similar surface as a 
bed for the band, and, if found desirable, 
perforations might be made at either edge of 
the record to ensure against the danger of 
slipping. But in order that the record section 
immediately beneath the reproducing stylus 
should be kept firm and in close contact with 
the upper roller, it would be necessary to 
employ a more powerful driving mechanism 
than the spring motor in common use, and a 
well-governed electric motor, deriving its cur¬ 
rent from ordinary lighting circuits, should 
answer this purpose. The best method to 

govern an electric motor efficiently is to drive 
from a train of wheels with governors or worm 
gear, as the case may be, the connection from 
the motor armiture spindle to the governor 
apparatus being made by a short length of 
steel cable which is considerably flexible. Any 
small oscillations in the current are thereby 
absorbed, and the momentum of the cylinder 
or turntable is sufficient to reduce any such 
fluctuation of current to the practical minimum. 

The use of the sound-reproducing machine in 
connection with the cinematograph has not been 
extensive up to the present time, owing to the 
complicated character of the combined apparatus 

and to the difficulty of making sound records 
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of sufficient intensity and reproducing length. 
The scheme referred to of making records on an 
endless band of practically indestructible 

material would bring into view greater possi¬ 
bilities of this combined mechanism. Also 
advances in relay reproducing methods would 

make good, in a large measure, the defect of 
the ordinary gramophone in large halls—its 
lack of carrying power. I had an opportunity 
of being present at a demonstration of Mr. 
Edison's synchronised cinematograph and 
phonograph when first brought to this country, 

and it may be interesting to note that the 
phonograph was in this instance reinforced by 
frictional means, the effect over a considerable 

area being remarkably realistic. 
The synchronising of the photographic film 

and the sound record is, of course, the funda¬ 
mental requirement in a combination of this 
character, in order that the action shall be suited 
to the word, so to speak. It will be understood 
that the optical machine must be actuated, in 
its reel motion, by a well-governed motor 
mechanism to ensure that regularity and 
periodic displacement in the film which is of so 
much importance with respect to the sound 
record in its motion under the reproducing 
stylus. The rate of displacement of both need 
not be coincident, but the ratio of speeds set 
up in the simultaneous recording must of neces¬ 
sity be maintained in the combined reproduction, 

or no synchronism will take place. 
P’or the purpose of obtaining synchronism 

between the cinematograph and phonograph 

4 
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without having any connection between them, a 

pointer has been employed in various ways by 
different inventors. The Barker and Jeapes 
scheme attaches the pointer to the phonograph, 
and this is photographed on to the side of the 
film when the picture is taken, 1 he reproduc¬ 
tion of the pointer is projected near the phono¬ 
graph, so that it becomes a simple matter to 
regulate and maintain the same relative linear 

speed of film and record. 

The Dusbes scheme employs a visible sign 

moving with one of the machines and trans 
uniting it in the form of a shadow or image to 
a visual sign moving«synchronously with the 
mechanism of the other machine, so that the 
operator, by controlling the action of one 
machine, can secure synchronism in the other. 
In Fig. $6 a flexible shaft b rotates a glow 
lamp c provided with a transverse filament or 

bar, and the light is projected by a telescope k 
to a ground-glass plate where the shadow or 
image is kept in angular adjustment with a 
pointer l driven by the cinematograph. As a 
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variation, the device may be reversed, the 
image being projected from the cinematograph 

to a disc rotated by the phonograph. There 
are manifestly many other ways in which this 
synchronism might be worked out, and as long 
as the desired object is attained it matters little 
what precise means are employed for the 

purpose. 

In bringing these pages to a close, I trust that 
I have* in some small measure, succeeded in this 
humble attempt to describe the various manu¬ 
facturing processes employed in the mechanical 
reproduction of sound. I he subject is one 
which is difficult to translate into words, 
bristling, as it does, with many technical 
intricacies which language itself sometimes 
seems utterly inadequate to express. It is this 
very aspect of complexity winch makes the sub¬ 
ject so engrossing to the inventive mind and so 
interesting to the layman; and I shall feel 
amply rewarded for the labour I have spent in 
the preparation of these chapters—wffiich I am 
conscious are all too brief—if I have been able 
to arouse a larger or more comprehensive 

interest in the subject, as well as to engender, 
perhaps, an increased effort on the part of others 

towmrds its fuller investigation. 
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